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=O SAY that I am keenly interested in and 
Ea look forward eagerly for every issue of the | 
“efou Industrial Engineer is putting it mildly. Your |§ 
- = purveyor of common, every-day, garden- | 
variety, horse-sense “Practical Pete” is not only a wizard 
and a genius, but a talkable, likable, knowable sort of a |% 
chap—good qualities you don’t often find in the same 
personality, Better “sign him up” for a long contract. 


FRANK M. BONDS, CHIEF ELECTRICIAN 
WHEELER OSGOOD SASH & DOOR-CO. 
TACOMA, WASHINGTON 
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This Certificate of 
Appreciation 


Has Struck Deep Down 
Into My Being Because 
Of the Understanding it 
Reveals of an Aim and a 
Purpose 


URING the past week we 

have all realized again the 
meaning of Christmas because we 
have seen the reaction of the mind 
of the child to the spirit of giving 
and all of us, whether we have 
known it or not, have experienced 
again the days of our childhood 
when the strife of this world of 
ours was an experience unknown 
and we expressed uncontrolled ap- 
preciation of the little things be- 
cause they were a part of the spirit 
that is everywhere at Christmas 
time. 

On December 24 I listened in 
through my radio headset to a 
sermon broadcasted from the Cen- 
tral Church of Chicago, which had 
for its theme the “Meaning of 
Christmas” and I took away two 


lessons that we can all learn. The 
first is that the spirit during 
Christmas time more than any 
other is a “Peace on Earth Among 
Men of Good Will.” Peace not 
among jealous, ambition-aspiring 
and inwardly selfish men who see 
nothing good in the other fellow, 
but Peace among men of good will. 
The second is that although we 
have learned how to control and 
make use of almost all the physical 
forces of nature, we are totally 
ignorant of how to control and 
make use of the thing among men 
which expresses itself in good will. 

And while I was listening in I 
heard a recital of this conversation 
between the head of a large cor- 
poration and a visitor who inquired 
how such a spirit of loyalty was 
created in his organization. The 
answer came when a call button 


was pushed by the executive and 
a young man walked in. To the 
question, “How long have you 
been with this company?” he 
answered, “Three years.” Then he 
was asked, “Are you a stockhold- 
er?” and he replied with a smile of 
satisfaction, “I am.” And finally 
he was asked, “How long do you 
expect to stay with us?” and the 
answer came without the least of 
hesitation, “I expect to stay with 
this company the rest of my life.” 
Turning to his visitor, the execu- 
tive of that company said: “You 
have heard from a boy with whom 
I have never talked before, the 
answer to your question—how we 
created loyalty in oyr organization. 
We don’t create it; it grows from 
the fact that our men work with 
us, not for us, and we look for the 
opportunity to commend = such 
spirit as this boy has displayed.” 

And so after twelve months of 
service with the readers and edit- 
ors of this publication, I have se- 
lected from the many kind things 
that have been said, an expression 
from a reader who has not praised 
what I have furnished in way of 
usable information but an under- 
standing of the spirit and the feel- 
ing I have tried to show in what 
I have written. He has found the 
key to good will among men that 
brings peace on earth and I am 
ready to say that I have a stock 
interest in the work of such men 
that will serve as an unwritten 
contract for my services with them 
and for them the rest of my life. 
Mr. Bonds, I thank you! 


Qrovdteeal CA 
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A Glimpse Into the 


Works of the U. S. Steel Corporation 


This is the first of a series of short articles that will give a mental picture of the growth and extent of manu- 
facturing works that form the backbone of this country’s industrial activity. 
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An impression of the hugeness of NDUSTRIAL ENGINEER will present each month hereafter a series 
a steel plant’s operations is at of pictures of the beginnings and present size and extent of those 
ceived from these blast furnaces of = industrial works of this country on which some 290,000 manufacturing 
the Illinois Steel Company. establishments depend for raw materials, supplies and machinery. These 
Below is the Homestead Works of key industrial works stand as monuments of things accomplished by 
the Carnegie Steel Company as it groups of men; department heads and their assistants, engineers and 
looked in 1890. It is now a part executives, whose importance ranks in this order. For on the successful 
of the United States Steel Cor- execution of the work involved and the working out of the ideals and 
poration. plans as a base, stand these monuments to broad vision and accomplish- 
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ments of .the leaders in all our 
great works. Men close to the de- 
tails of operations have made and 
are making these works what they 
are and they should be proud of 
the part they are taking in it, be 
it ever so humble. 


ee 


HE United States Steel Cor- 

poration has been called a 
“senial giant.” Its products form 
the backbone of many other Amer- 
ican industries. 

The story of the steel industry of 
America is dramatic. In 1845 the 
first blast furnace was built in this 
country and in 1881 there were only 
thirteen steel plants in America. 
Realizing this, we can appreciate the 
growth of this great corporation 
which now operates 142 plants and 
had a total output of over 14,000,- 
000 tons of finished steel products 
in 1920. Going back again to the 
beginning of the iron and steel in- 
dustry, we find that the first bar of 
iron was rolled in the United States 
in 1817. The first puddling furnace 
was installed in Boston in 1825. It 
was not, until 1845, however, as 
already mentioned, that the first 
, blast furnace was put into use and 

in 1861 the first Bessemer converter 
_ was installed. In 1865 at the North 
_ Chicago plant of the Illinois Steel 
Company, now a part of the United 
_ States Steel Corporation, the first 
- steel rail in America was rolled. 

| The open-hearth furnace came in 
= 1869. 
, It was after 1890 that the indus- 
'. try began its tremendous expansion. 
In 1901 two of the largest com- 
+ panies, the Illinois Steel and the 
} Carnegie, combined and took in a 

number of other companies to form 

the United States Steel Corporation. 

Though the number of plants em- 

braced in this corporation was prac- 

tically the same as it is now (142 














in 1922) the output in steel products 
in 1922 was almost double that in 
1901. The number of blast furnaces 
has increased from 73 to 124. More- 
over, the output of valuable by- 
products has increased enormously; 
for instance, cement from 162,000 
bbl. to 12,500,000 bbl. and benzol 
from zero to 45,000,000 bbl. It is 
true also that the price of steel per 
ton actually decreased until the war 
period although most other products 
increased in price. 

At the present time the United 
States Steel Corporation operates 
142 plants that produce steel prod- 
ucts and cement, sixteen subsidiary 














companies, sixty-five coke plants, | 
sixty separate coal mines, ninety- 
six ore properties, one hundred | 
and twenty-three steamships and 
three hundred and thirty other } 
vessels, eight railroads with almost 
1,000 miles of main line, besides | 
dock, water-supply systems, gas | 
and oil properties. 


From one end of the rail mill 
above to the other is about as far | 
as the eye can see. 


This railroad yard of the Illinois 
Steel Company covers an area as 
large as a small city. 




















Some Details in 
The Application of a 
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Fig. 1—Here three calender mills are operated as one mill. The 
speed of the individual motors is controlled (see Figs. 9 and 10) 
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by the man at the desk through three sets of push buttons. 


Bonus on Operation and Maintenance 


Whereby Foremen Are Rewarded According to Economies 
They Can Show in Maintenance and Power Costs 


By A. A. FRANK 


Factory Manager, The Federal Rubber 
Company, Racine, Wis. 


LTHOUGH FOREMEN and 
BN others in charge of shop oper- 
ations are expected to give 
full attention to all details of super- 
vision in their departments, human 
nature is such that there is a ten- 
dency to stop at “good enough” when 
a certain degree of achievement is 
attained, unless there is some in- 
centive to do better. Comparatively 
few supervisors can drive themselves 
to do their best at all times. These 
few are most often found in the 
higher executive positions such as 
assistant superintendent, superin- 
tendent, president or some of the 
other members of the organization 
who carry the responsibility for pro- 
duction. 

In general, there are three meth- 
ods of getting a foreman (or a work- 
man either) to do his best: (a) By 
driving; (b) by appealing to his 
pride or prejudices, his likes and dis- 
likes; and, (c) by giving him a finan- 


cial incentive, preferably graduated 
sc as to increase with increased 
effort. 

In the operation of these methods, 
men—foremen as well as workmen— 








WHERE THERE is little 
incentive to do otherwise 
men are inclined to drift into 
a humdrum routine in han- 
dling the jobs assigned to 
them without doing much 
thinking. This is no criti- 
cism; it’s human nature. Un- 
der the bonus plan, described 
in this article, the men in re- 
sponsible positions are wide 
awake and think ahead be- 
cause the extra money they 
can earn makes this worth 
while. The first year this 
plan was in operation in the 
works of The Federal Rub- 
ber Company at Racine, Wis., 
the total annual production 
cost was reduced 5 per cent. 























resent driving. While they will do 
more for the “pat on the back” 
and the compliment of the second 
method, they often feel that they 
are not rewarded for the extra effort 
put forth while the company or the 
executive above them benefits from 
it. Usually the greatest satisfac- 
tion and best results come from 
sharing in some form of bonus, the 
additional profits or savings result- 
ing from closer attention or effort. 
It is necessary, however, to fix the 
starting point on some definite stan- 
dard or task and at an attainable 
figure so that the men are not dis- 
couraged by never earning a bonus. 
The reward should then increase as 
greater savings are made. 

Rubber work, particularly the 
manufacture of automobile tires, 
lends itself to sufficient standardiza- 
tion to fix definite requirements or 
tasks as the basis of the bonus. In 
establishing the bonus plan at The 
Federal Rubber Company’s plant, 
some of the following factors are 
used in determining the bonus basis 
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Fig. 2——Bonus Standard in Electrical Department 
For Class B Foreman 























Impor- First Second Third 
Item tance 
Task | Bonus Task | Bonus Task } Bonus 
Repair cost in factory per 
1,000 Ib. stock delivered Stand- 19% 38% 
from the millroom....... 45% ard* |$22.50 || decrease/$45.00 || decrease|$67 .50 
Total kw.-hr. per 1,000 Ib. 
stock delivered from the Stand- 15% 30% 
Pe A eae ae 25% ard* 12.50 || decrease} 25.00 || decrease] 37.50 
Direct overhead of Electrical 
De Sans tea icapdern gaa meee 10% 30% 5.00 25% 10.00 20% 15.00 
Authorized labor — labor 
hours estimated on new 
WstaueGOn foes ec ses see 20% || 100% | 10.00 95% | 20.00 90% | 30.00 
100% $50.00 $100.00 $150.00 
































make the second and third tasks. 








*—Instead of actual figures this table calls the first task the “Standard” 
and then gives the percentage by which this standard must be decreased to 
The foreman, however, knows the standard 
and also receives a report showing the record for the three months period. 














for the foremen and assistant fore- 
men. The bonus for Production De- 
partments is based on a different set 
of factors than is used in determin- 
ing the Maintenance Departments’ 
bonus. The seven factors are: 

1. Percentage of “seconds” and re- 

jections. 
. Cost of repairs to imperfect prod- 
ucts. 
. Percentage of waste per unit. 
. Departmental unit cost of produc- 
. Hatovials consumed, based on pro- 
duction. 
. Amount of power used per unit. 
. Direct overhead costs. 

In establishing this bonus two 
factors incidental to the industry 
help to establish the basis of the 
task. These are: (1). The cost of 
material is approximately 65 per 
cent of the cost of the finished prod- 
uct. (2) One definite unit, the 
amount in thousands of pounds of 
rubber stock delivered from the Mill 
Room: governs the fluctuation of 
activity in practically all the other 
departments. The first factor is of 
principal importance in all manufac- 
turing departments where the big 
savings lie in the decrease of waste 
fabric or rubber and in a reduction 
in the percentage of “seconds,” of 
rejections and in the cost of repairs 
necessary to make imperfect prod- 
ucts usable as a low grade. 

The trimmed waste in each de- 
partment is weighed up each night 
and charged against the department. 
It should not exceed a _ certain 
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Fig. 3—Each motor has a record 
card similar to this. 


Whenever possible the equipment number 
and location of other motors which may be 
substituted for a particular motor are noted 
on the back of the card. Often a motor 
can be taken from an idle or less essential 
machine in an emergency when no substi- 
tutes are on hand. 


amount and is generally specified as 
a definite number of ounces allowed 
per tire or a certain percentage by 
weight of rubber or fabric handled. 
The bonus depends upon the amount 
of the reduction below this allow- 
ance. The other factor, the output 
from the Mill Room, is used as a 
basis for determining the amount of 
power which should be used and the 
bonus for the repair and mainte- 
nance work—factors which fluctuate 
according to the. activity of the 
whole plant. Every 1,000 Ib. of rub- 
ber stock going through the mill 
room means a fairly definite amount 
of work and power consumed in each 
succeeding department. 


TASKS AND BONUS IN ELECTRICAL 
DEPARTMENT 


To provide an incentive for in- 
creased effort, the bonus is gradu- 
ated into first, second and third 
tasks, with a definite standard and 
bonus payment set for each. The 






Fig. 2—A sample task and bonus as 
applied to the foreman of the Elec- 
trical Department. 


Similar standards are worked out for other 
foremen on bonus. This shows what the 
foreman must do—his task—and what he 
will earn—his bonus—by doing it. He is 
paid according to his accomplishments and 
may earn third bonus on some of the four 
items and a lower one or even fail on others. 





three tasks and the bonus payments 
for each which may be earned by 
the foreman of the Electrical De- 
partment, are given in the accom- 
panying table, Fig. 2. One feature 
of this bonus plan is that a foreman 
can earn what he accomplishes in 
each of the separate tasks. That is, 
he may earn third bonus in some 
items making up the bonus, while 
in others he makes lower tasks or 
even no task. The bonus is computed 
on his standing over a period of 
three months and, as shown in this 
table, will enable the foreman of the 
Electrical Department to earn $150 
extra every three months providing 
he can make third task in each of 
the four items determining his 
bonus. He may make as low as $5 
or even nothing. 

The first item, “Repair cost in 
factory per 1,000 lb. stock delivered 
from the Mill Room,” is considered 
as of 45 per cent importance in de- 
termining the bonus. This item in- 
cludes the total cost of upkeep and 
repairs of machines and equipment 
and the expense of lubrication. All 
repair costs are grouped together 
for ease in computations even though 
the Electrical Department is re- 
sponsible for only part of them. The 
same is true of other departments, 
mentioned later in this article, which 
base their bonus upon repair costs. 
This helps in making each depart- 
ment do its full share as it knows 
that its earnings depend upon the 
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Fig. 4—How ordinary repairs or 
maintenance work is ordered and 
the labor costs gathered. 


Copies of MA (maintenance) orders are 
made’ out in quadruplicate by the depart- 
ment where work is to be done. All copies 
are sent to the MA department, where they 
are numbered consecutively as they come 
in. The pink, or fourth copy, which is on 
a light card, is sent to the Plant 
Department for record and on the back of 
it is then posted the labor and material so 
that when the entire job is done the cost 
of the job is permanently recorded. The 
back of this card is shown broken. The 
white or third copy is returned to the 
originating department for its record. The 
blue (second) and yellow (original) copies 
are kept in the MA department until the 
work is completed. The number of hours 
on the job are entered on the back of the 
yellow copy and when the work is done this 
copy is sent to the foreman of the depart- 
ment where the order was issued, for his 
approval. Any question can then be taken 
up with the MA department at once. If 
O. K., the foreman signs on the line indi- 
cated “Job Accepted.” It is then returned 
to the MA department which in turn sends 
it to the Plant Ledger Department. This 
is the final closing. The white copy is kept 
in the MA department files with any nota- 
tions the Maintenance Department may de- 
sire to keep entered on the back. These 
are analyzed periodically as explained in 
the article. 





efforts of all and that one depart- 
ment cannot save by shirking a little 
and forcing another department to 
do some of its work. Also each looks 
out for the other; an electrician will 
report a warm bearing or an oiler a 
sparking motor. Grouping of tasks 
thus practically forces the different 
departments to work together. 

The second item, “Total kw.-hr. 
per 1,000 lb. stock delivered from 
the Mill Room” is rated as of 25 per 
cent importance in determining the 
bonus for this department. The 
Electrical Department foreman, 
while he has no direct supervision 
of the operation of the machines and 
motors in the various Production 
Departments, is responsible for the 
proper application of a motor and 
also for the inspection and upkeep 
of the various motors in all depart- 
ments. If a motor is over- or under- 
loaded it is up to his department to 
find it out and remedy it. 

On the large motors, as in the 
Mill Rooms where approximately 90 
per cent of the power is used, the 
mills are run idle at least once in 
each three months to see if the fric- 
tion loss of the equipment is increas- 
ing. Here five or six mills (Fig. 11) 
are driven through gearing from 
pinions on a long shaft which in 
turn is connected through a reduc- 
tion gear to a 400 or 500 hp., 2;300- 
volt motor. There are no clutches 
in the line and so all machines in 
the group are operating whether 
loaded or running idle. This group- 
ing permits the motor to take care 
of any fluctuations in the load which 
might give a momentarily heavy 
overload if each mill had its own 
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drive. The friction loss on these 
mills is of great importance as even 
under the best conditions the mills 
when running idle use about half the 
power consumed when running 
loaded. Any increase in this fric- 
tion loss adds considerably to the 
power consumption. An indicating 
ammeter mounted on the motor con- 
trol-board in the basement (Fig. 
12) shows the fluctuation in power 
as the mill is operating and by ob- 
servation the electrician can usually 
spot any unusual increase in total 
consumption without making the no- 
load tests. This gives him a quick 
indication that something is wrong. 

In addition, the electrical depart- 
ment changes brushes and periodi- 
cally cleans the motors and switch- 
boards which become covered with 
the powdered soapstone used in the 
milling process. In the Mill Rooms 
this is blown out each Sunday when 
the equipment is “dead,” as the com- 
pressed air contains too much mois- 
ture to risk using on 2,300 volt 
equipment when it is “alive.” One 
electrician and his helper work 
nights. The helper cleans and oils 
and the electrician makes necessary 
repairs on day motors and any 
emergency night repairs. 

Any reduction in the direct over- 
head of the department, the third 
item determining the bonus, is large- 
ly on the responsibility of the fore- 


man and is rated at 10 per cent in 
importance. Overhead is figured on 
direct labor. Its reduction is largely 
a matter of supervision. 
“Authorized labor,” the fourth 
item, is the labor applied in the con- 
struction or erection of any new or 
permanent work such as a new light- 
ing system or the wiring for a new 
motor. Any work which will cost 
more than $100 must be authorized 
by some official and a careful esti- 
mate made of the cost and the re- 
sults expected before it can be 


‘started.. This authorization report 


is made out as shown in Fig. 5. If 
the foremen (most jobs costing over 
$100 involve more than one Mainte- 
nance Department) keep within the 
estimate they earn the first bonus; 
if they go below 95 per cent, they 
earn the second bonus; and, if below 
90 per cent, or 10 per cent saved, 
the third bonus. The workmen in 
the various maintenance and repair 
gangs share in this by earning as a 
bonus pay for one-half of the hours’ 
saved in addition to their regular 
wages. 

In determining whether or not a 
bonus is made on authorized labor, 
the labor-hours are not subdivided 
and credited against the separate 
Maintenance Departments, if two or 
more are involved on any job, but 
the net result is used as a basis. 
Thus one department may have 
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gained but if the others lose more 
than was gained only the net result 
is used. The bonus is determined 
according to the net standing over 
a three-months’ period instead of by 
individual jobs. This plan of group- 
ing also tends to make all depart- 
ments and gangs work together 
since they have a common purpose. 


BONUS PLANS IN OTHER MAINTE- 
NANCE DEPARTMENTS 


Other department foremen, be- 
sides those engaged in production, 
who receive a bonus are the foremen 
of the Pipe Shop, Machine Shop 
(outside maintenance work) and 
Machine Shop (inside shop work), 
the general foreman over both Ma- 
chine Shop foremen, the foremen 
over Maintenance Inspection in 
charge of oiling, etc., and Carpenter 
and Box Shop, and the general fore- 
man and day and night foremen of 
the Power Department. In addition, 
the superintendent of maintenance, 
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who has charge of all except the 
Power Department, receives a bonus 
which is based upon the bonus 
earned by the departments under 
his direction. He also has super- 
vision over the yards and sewers but 
the foreman on this work, however, 
is not on a bonus. 

All foremen are rated or classed 
according to their importance; the 
superintendent of maintenance is a 
Class AA man, the general foremen 
of Power and of the Machine Shops 
are Class A men, the foremen are 
Class B men, and the assistant fore- 
men are classified as Class C or D 
men. Generally the bonus in each 
class is 75 to 80 per cent of the 
bonus of the next class higher. 

It will be interesting to go over 
the items making up the bonus in 
some of these departments and see 
how their work is closely related to 
the selection of the items. For ex- 
ample in the Pipe Shop, which does 
all new and maintenance work on the 
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steam, water and air lines, the kilo- 
watt-hours used are not taken into 
consideration as work of this depart- 
ment does not affect this item. Here 
three points are considered which, 
with their importance, are as fol- 
lows: 




















1. Repair cost per 1,000 
lb. from Mill Room....50 per cent 
2. Department overhead....20 “ “ 
8. Authorized labov............ ae cs 
These three items are used also in 
determining the bonus of the fore- 
man of the Machine Shop (inside 
shop work) and of the Box and Car- 
penter Shop. As each of these two 
has inside work where closer super- 
vision may be given to the overhead 
and they are still less closely con- 
nected with the responsibility for 
outside maintenance, the importance 
of the three items is changed to a 
new ratio of 45, 25 and 30 per cent. 
A large share of the work in this 
Machine Shop consists of building 
and repairing tire molds and cores 




















Fig. 5—Requisition for additions and extensive altera- 
tions or repairs. 


All additions to the plant, machinery or equipment, and extraor- 
dinary alterations, replacements or renewals, which it is estimated 
will cost over $100, as well as interdepartmental transfers of equ.p- 
ment, are requisitioned on this form. It is then approved and 
authorized by some official of the company before work can be 
started. The labor involved is called “authorized labor’ (Fig. 2) 
and is one item in determining the bonus of Maintenance Depart- 
ment foremen who have responsibility for construction and mainte- 


rials for the job. The fourth page is blank for sketches or 
additional entries. When costs of new work are carefully estimated 
in advance there is less likelihood of making an unwise move. 
Departments receive this bonus on the reductions of ‘‘estimated’’ 
hours of labor by the group of Maintenance Departments. 


nance work. On the second page (B) is a detailed list of mate-. 
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THE FEDERAL RUBBER COMPANY 
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DETAIL OF ITEMS ESTIMATED 
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‘Sasa sah wath ok anita th kchttig iaiitetig to Sia ak 10 to be distributed as follows: 


| 
i 
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Estimate No. 


Werk Order Neo. 









TO BE ESTIMATED BY ENGINEERING DEPT. 















eee 

























Fig. 6—Main switchboard in Power 
Department. 


At present electrical energy is purchased 
but the generating equipment is retained 
for emergency service. The section at the 
far end contains the meters for the indi- 
vidual Production Departments. 





for production processes although 
any necessary maintenance con- 
struction, rebuilding of machines, or 
new work which it is fitted to do is 
carried on also. The Box and Car- 
penter Shop makes wood patterns 
for casting molds and cores, boxes 
for exporting tires and any cabinet 
or carpenter repair work for the 
plant. 

The foreman in charge of Machine 
Shop (outside work, which is more 
strictly plant maintenance), how- 
ever, looks after the installation of 
new equipment, except pipe and elec- 
trical work, as well as the general 
repair and maintenance work and 
shares in the responsibility for the 
kilowatt-hours used in production 
for he is responsible for bad bear- 
ings, shafts out of alignment, ex- 
cessive friction in pinions and gears 
and other heavy friction losses. The 
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items in his bonus and their impor- 
tance are the same as given in Fig. 
2 for the Electrical Department 
foreman. 


POWER DEPARTMENT BONUS BASED 
ON BOILER EFFICIENCY 


Neither the kilowatt-hours used 
nor the cost of repairs has any in- 
fluence upon the Power Department 
bonus. Electric energy is purchased 
and metered (Figs. 6 and 7), to each 
production department. These me- 
ter readings, however, are recorded 


by the Power Department. The 
items here are: 
1. Power department labor 
hours per ton of coal 
‘2 Se eee ee 20 per cent 
2. Over-all monthly boiler 
| ae oe 
3. Direct department over- 
head 1 6 6c 





The labor allowance for first task 
in handling coal is 1.4 hr.; second 
task, 1.2 hr.; and, third task, 1 hr. 
per ton of coal used. This covers 
the labor from car to bunker storage 
and the handling of the ashes. Ex- 
tra labor, such as would be required 
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Fig. 7—Power consumption of each 
department is recorded here. 


These D-6 General Electric polyphase in- 
tegrating meters placed on the back of the 
switchboard are read by the Power Depart- 
ment periodically. Without some means of 
knowing the power consumed in each de- 
partment, this organization would not have 
such careful supervisory control over the 
production costs nor could it operate the 
bonus plan as described in this article. 





for moving coal to and from yard 
storage, is not included. The first 
task in boiler efficiency is to main- 
tain an over-all efficiency of 64 per 
cent, the second task an efficiency of 
67 per cent and a third task of 70 
per cent. The average efficiency over 
the entire month is used to deter- 
mine the percentage of attainment 
instead of taking results of irregular 
or periodic tests. The departmental 
overhead is based upon and includes 
the cost of generation of steam, 
hydraulic and pneumatic power, of 
direct current for lighting and for 
a few motors, transformed by a 
2,300-volt synchronous converter, 
and the office overhead of the power 
plant. The firemen receive a sepa- 
rate bonus based upon their CO, 
record, and so endeavor to maintain 
a high boiler efficiency. 

A large share of the maintenance 
responsibility rests upon the fore- 
man of the Maintenance Inspection 
Department who has charge of the 
routine inspection and lubrication 
of all except the electrical equip- 
ment. Three oilers are on duty days 
and one at night. Here, as stated 





Fig. 8—Maintenance sub-station in 
one of the Mill Rooms. 


This small room is separated from the rest 
of the department by fire walls and a stair- 
way. The Maintenance Department, which 
is located at the other side of the plant, 
stores many of its hoists, jacks and similar 
heavy equipment where it is close to the 
heavy machine installations. A bench and 
vise enable many small repairs or fittings 
to be made without going the long distance 
to the Maintenance Department. The oilers 
fill their oil cans from the storage tanks. 
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previously, the men co-operate in re- 
porting difficulties to each other as 
the bonus depends upon the efforts 
of the group instead of the individ- 
ual. The items upon which the 
bonus is based and the relative im- 
portance of each are the same as for 
the Electrical Department foreman 
as given in the table, Fig. 2. 


HOW THE BONUS Is APPLIED TO 
PRODUCTION DEPARTMENTS 


The foremen and some assistant 
- foremen in the Production Depart- 
ments are on a bonus also but the 
power consumed is a governing 
factor only in the Mill Rooms where 
it is based on. standards set per 1,000 
Ib. of rubber stock out of each de- 
partment. This factor varies with 
each of the different Mill Rooms— 
the Main Mill Room where the rub- 
ber stock is milled and calendered 
for the automobile tires; the Baby 
Cab Department, where solid tires 
are made for baby cabs, velocipedes, 
etc.; the Mixed and Green Scrap De- 
partment where the preliminary 
working and mixing is done; and, 
the Shoddy and Scrap Department 
where reclaimed rubber is mixed 
with scrap and new rubber to be 
used for making floor mats and sim- 
ilar products which do not require 
as high-grade rubber stock as tires. 
Each of these departments is of a 
different capacity and so each has 
its own task of standard kilowatt- 
hour used per 1,000 Ib. of stock de- 
livered. These departments, how- 
ever, are the largest users of power, 
taking about 90 per cent of all the 
power used in the plant. 

The other items affecting the 
bonus of the Milling Departments, 
in addition to the kilowatt-hours 
used, are: Direct overhead and la- 
bor costs per unit of production. In 
the Milling Departments the unit is 
per 1,000 Ib. stock delivered. As 
such a large percentage of the power 
is used in overcoming the friction 
of the mills and their heavy gearing, 
the Mill Room foremen’s opportunity 





Figs. 9 and 10—Another view of the 
three calender mills (Fig. 1) and 
their control mechanism. 


To be able to start up slowly and gradually 
build up to full speed the motor on each 
mill has adjustable speed control obtained 
through the motor-operated field rheostat 
accelerated by Type C Westinghouse con- 
trol. As the operator at the desk (Fig. 1) 
pushes the “increase” or ‘decrease’ button 
the small motor advances or moves back 
the rheostat contact arm as long as his 
finger is on the button. In this way the 
three machines are brought up to uniform 
speed when operating as one unit. Weekly 
inspections and immediate replacement of 
all worn parts reduce the shut-downs for 
repairs to a minimum. 
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to save on power, and so earn their 
bonus, is to see that the mills are 
loaded as much of the time as possi- 
ble, and if it is necessary that some 
be idle to see that the idle mills are 
all on one group so that the motor 
of that group may be shut down. 
Otherwise the whole group of five 
mills will continue the heavy friction 
loss even if only one mill is in use. 

The other Production Depart- 
ments do not have their bonus based 
on power used as it is only a small 
item with them. The large items 
are waste, “seconds,” direct labor 
and overhead, so the bonus here is 
placed on such items as: 


1. Waste per unit manufactured. 

2. Percentage of “seconds” or rejec- 
tions. 

3. Direct labor per unit. 

4. Departmental overhead. 


The percentage of importance of 
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each varies somewhat in the differ- 
ent departments, according to the 
conditions. The waste or trimmings 
of each operator is collected and 
weighed each night. As a result the 
operators are more careful to cut 
fabric to the right length and use 
up short lengths of rubber stock. 
The workers in the production 
departments do not have a bonus but 
work on straight piece work. The 
inspectors in the Pneumatic Divi- 
sion, however, who are wage earn- 
ers, work ona monthly bonus similar 
to and with the same factors as the 
bonus for foremen in that division. 


WHERE EMPHASIS MusT BE PLACED 
IN A MAINTENANCE BONUS 


In a bonus of this kind on main- 
tenance one point must be kept in 
mind and impressed thoroughly in 
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the minds of the different foremen; 
namely, that nothing is to be gained 
by skimping on maintenance costs. 
A big saving through skimping dur- 
ing one three-month bonus period 
may eliminate all possibility of a 
bonus for several periods afterward, 
because repairs put off or half done 
are then twice or sometimes three 
times as expensive as they should 
be. Any savings from doing a poor 
job are slight, especially when di- 
vided among all the jobs during a 
three months’ period. Rather, it is 
better in the end, from both bonus 
and company standpoints, to do a 
little extra if it will decrease repair 
costs in the future. One example 
shows how this is working out. In 
one of the departments several dif- 
ferent makes of motors are used 
although all are of the same horse- 
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power. The result is that there is 
but little flexibility because the mo- 
tors are not interchangeable on the 
different bases and often a motor 
must be “petted” along to keep it 
going until repairs can be made out 
of hours on overtime. Now, when- 
ever it is necessary to take one of 
these motors down for repairs, the 


base is made standard at a slight 


additional expense above the neces- 
sary repairs so that the next time it 
gets out of order a substitute motor 
can be put in its place in a few 
minutes and the motor repaired in 
the shop at a minimum of expense. 

For the same reason bearings are 
lengthened when they burn out too 
often, parts are re-designed and 
strengthened when they break too 
frequently, and many other changes 
are made toward reducing repair 
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and maintenance costs in the future, 
even though they are slightly in- 
creased on any one job. 

One place which requires weekly 
inspection is the adjustable speed 
motor control system (Fig. 10) for 
three calender mills (Figs. 1 and 9), 
which are used for impregnating the 
fabric with rubber. These three 
mills are placed in line and may be 
operated individually or in a group 
with the work passing in one con- 
tinuous line through and operated 
on by all three machines. Each ma- 
chine is driven by its individual 100- 
hp. motor. To get adjustable speed 
control, 440-volt direct current is 
used. These, by the way, are the 
only direct-current motors of any 
size used. A push-button control at 
each mill puts the motor under con- 
trol of the operator when each cal- 
ender is operated individually. The 
control mechanism (Fig. 10) is lo- 
cated in the basement, under the 
group of calenders. When the three 
mills are operated as a group the 
speed and operation for each of the 
three machines is controlled through 
a set of push-buttons by the man at 
the desk shown at the left in Fig. 1. 
He speeds up or decreases the speed 
of any of the three mills as neces- 
sary to keep them operating uni- 
formly. Each of the three individual 
sets of push-buttons at his desk are 
marked: “Start,” “Stop,” “Reverse,” 
“Slow,” “Fast,” “Increase,” ‘“De- 
crease” and “Inch.” The minimum 
speed of these 100-hp. motors is 40 
per cent of the maximum speed. The 
contact points in the control are 
burned by the frequent changes in 
speed and at the weekly inspection 
are scraped or renewed whenever 
they show any wear. 


EQUIPMENT RECORDS KEPT 


The record card, Fig. 3, is kept by 
the Electrical Department for each 
motor in the plant. On the back of 
this record is entered the number 
and location (Continued on page 67) 





Figs. 11 and 12—One of the mill 
motor units and its control mech- 
anism. 


Groups of five or six rubber mills are 
‘ driven from pinions on a long shaft which 
in turn is connected through a reduction 
gear to 400- or 500-hp., 2,300-volt, 60-cycle, 
3-phase motors. The control mechanism is 
placed in the basement, as shown at the 
left. The equipment for the motor of each 
group of machines is numbered conspicu- 
ously. The door to this room is left un- 
locked so that anyone responsible can easily 
get into it in an emergency. The panels 
at the left carry Cutler-Hammer multiple 
switch starters. At the right, indicating 
ammeters are placed on the center panel 
with Westinghouse Type F oil breakers, 
manually operated, at the bottom and 
a overload circuit breakers at 
the top. 
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This is the Mark Plant 
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of the Steel and Tube Company of America 


at Indiana Harbor, Ind.,—a modern steel works with skelp and pipe 
mills that produce about 360,000 tons of tubular goods per year. The 
works covers 300 acres and employs 4,000 workers. 


Work Can Be Audited 


By the Maintenance Department to 
Improve Standards of Power Service 


By ARTHUR J. WHITCOMB 


Formerly Assistant to Superintendent, 
The Steel & Tube Company of 
America 


N AUDITING or accounting 
system is often looked upon 


as a necessary evil in the 


handling of a small business but as 


the departments of that business ex- 
pand and competition bécomes keen, 
the accounting system becomes more 
and more important and the auditor 
is looked to for information that will 
show the trend of operations from 
the standpoints of profits and losses. 

Granting that these conditions 
hold true for all lines of business, 
why is it not logical to apply the 
accounting principle to operating 
and maintenance procedure in indus- 
trial works? Here as in any busi- 
ness certain expenditures are essen- 
tial to the continuity of production 
and certain credits result from the 
maintenance of adequate operating 
service standards from the stand- 
point of continuity of operating 
processes. The factors that can be 
controlled are interruptions caused 


by preventable failures of machines 
from natural wear and tear, acci- 
dents and the like. Without definite 
information by which to measure or 
compare results of different service 
standards and balance expenditures 
against possible economies shown by 
continuity of operations or increases 








THIS IS THE FIRST of four 
articles that will analyze the 
essential factors of maintenance 
procedure. It takes up a method | 
of handling repair and replace- | 
ment materials, to show the | 
need, storing and use of same, 
Some of the points covered are: 
How the storekeeper keeps track 
of his stock; how he knows what 
and when to reorder; how requi- 
sitions are approved and mate- 
rials drawn from stock; how 
invoices are passed for pay- 
ment; how charges are made to | 
departments using the materials. 
The second article will take up 
an accounting of power service; 
the third an accounting of the 
work of the electrical depart- 
ment; how charges are made to 
counting of electrical equipment 
used in production processes. 























in quantity or quality of the product 
produced, the final audit of the busi- 
ness is no true indication of the 
degree of intelligence that is ap- 
plied between the receipt and ex- 
penditure of the moneys that an 
audit will show. 

The purpose of this article and 
others that will follow it, is to show 
how an audit may be made of the 
operations of a maintenance depart- 
ment before and at the time the ex- 
penditures are being created by that 
department. This method will in- 
clude: (1) A means of auditing the 
incoming and outgoing electrical ma- 
terial, such as repairs, spare parts, 
ete. (2) A power service audit; 
that is, a power distribution. (3) 
An accounting of the work of the 
men in the electrical department. (4) 
An accounting or record of electrical 
equipment. 

In this article a method of ac- 
counting for electrical material in 
the maintenance of power service in 
a large works will be discussed. 

One of the first necessities of the 
auditor is a safe. The first neces- 
sity in accounting for material is a 
storeroom in which all maintenance 


‘materials may be stored. This store- 


room should have a central jocation 
and should be adjacent to the elec- 
trical repair shop. The storeroom 
is controlled by a storekeeper who 
is charged with the receipt, storing 
and disbursement of material. He 


should have one or more assistants 
as needed. 

In many plants electrical materials 
are kept in a main storeroom. Since 
electrical material is quite different 
from other material and consists of 
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a great variety of raw material as 
well as a multiplicity of small parts, 
not commonly known to most people, 
it will be found that ordinary store- 
room help will have difficulty in find- 
ing the material. Also a main store- 
room is not always convenient to the 
electrical repair shop. For these 
reasons the writer believes it is best 
to have the electrical storeroom a 
part of the electrical department and 
under the supervision of the elec- 
trical superintendent. This fixes the 
responsibility on one person and the 
electrical superintendent is better 
qualified to keep on hand the mate- 
rials he needs to run his department. 
He should set up a system for requi- 
sitioning material as needed and his 
storekeeper should issue charge tick- 
ets for all material disbursed. Un- 
der this plan the main storeroom 
receives the material as it enters the 
plant, keeps a record of the receipts 
and passes it directly to the elec- 
trical department. The charge tick- 
ets for material disbursed will then 
go to the main storeroom for pricing 
and auditing. This work can be 
readily done at the main storeroom 
by a clerical force and it reduces the 
clerical work required in the elec- 
trical department. 


A Goop ARRANGEMENT FOR A 
STOREROOM 


In the electrical storeroom a great 
many small parts are stored, hence 
the best arrangement is rows of 
steel bins arranged back to back and 
in tiers up from the floor. The bins 
should be of various sizes and for 
some articles steel drawers are con- 
venient. Coils can be stored on 
shelves and wire and cable may be 
neatly arranged on reels. The small- 
er sizes of wire may be left on the 
spools and the spools placed on the 
shelves, 

All bins, drawers, or shelves 
should have a card holder. On the 
card a brief description of the mate- 
rial is essential together with the 
manufacturer’s style number, such 
as “Whse. S, No. 123679 Contact 
Tips for 125 Amp. Contactor.” The 
inventory number of the material 
should also appear on this particular 
card. 

The inventory number or bin num- 
ber, as it is sometimes called, is a 
number assigned to a certain kind 
of material. Each different kind of 
material should have a different in- 
ventory number. This number defi- 


nitely identifies the material, for 
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Fig. 1—The backbone of every ac- 
counting system is the ledger. Sim- 
ilarly the backbone of the stores 
accounting system of an industrial 
works is a ledger arranged in the 
form of a card system. The cards 
are known as inventory cards and a 
convenient form is shown above. 





each different material has a differ- 
ent inventory number as shown be- 
low: 


Inventory Number Description 
85673—Whse. S, No. 123679 Contact 
Tips for 125-amp. contactor. 
85674—Whse. S, No. 123680 Contact 
Tips for 250-amp. contactor. 
85675—Whse. S, No. 123694 Contact 
Tips for 500-amp. contactor. 
The backbone of every accounting 


system is the ledger. Similarly, the 
backbone of the stores accounting 
system is a ledger arranged in the 
form of a card system. These cards 
are known as inventory cards. A 
suitable form is shown in Fig. 1. 
At the top of it spaces are provided 
for proper identification. The re- 
mainder of it is divided into two 
parts, one side for material received 
and the other side for material used. 
One side is a debit, the other is a 
credit. In other words, the card is 
simply a double entry ledger. 

In the upper right hand corner of 
the card is a space for the inventory 
number on the bin in which the ma- 
terial is stored. This number defi- 
nitely identifies the material. To 
the left of the inventory number is 
a space for the section number which 
will be explained later. The next 
space is not used because the bin 
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number is the same as the inventory 
number. The next three spaces are 
for location, plant and department. 

On the second line is a space for 
the description of the article. This 
should be complete, for it is from 
this description that the material is 
reordered. The description should 
tell what the article is and if it is a 
special part it should show what it 
is used for. If it is raw material 
such as red fibre, mica, etc., it should 
give the size or dimensions. The 
space marked “Manufactured by” is 
to show where the material may be 
obtained. There is a space for the 
manufacturers’ style number, draw- 
ing number, and pattern number. 
These are essential to a complete 
description. There is also a space 
for the pricé per unit of quantity. 
This provides a record of previous 
prices of the material in buying a 
new lot. This value should not be 
used for charging out the material 
on hand as will be explained later. 

There are spaces for “average 
monthly consumption,” “minimum 
stock,” and “maximum stock.” These 
are required in order to tell when 
and how much to reorder. When the 
amount on hand gets down to the 
minimum stock, it is time to reorder. 
The usual plan is to order enough to 
bring the stock up to maximum 
amount. However, if the delivery is 
likely to be slow, it is best to add an 
amount determined by the average 
monthly consumption to take care of 
probable delays in delivery. 
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On the “Material Received” side of 

the cards are columns for the requi- 
sition number, purchase number, 
amount ordered, date received and 
number received. On the “Material 
Used” side are the columns for the 
date used, amount used, where used, 
and amount on hand. 

When material is ordered the 
number of the requisition and the 
amount ordered are placed on the 
“Material Received’ side. When the 
material is received, the order num- 
ber on which it was received, the 
date and the number received are 
placed in the remaining columns on 
this side. Also on the “Material 
Used” side an entry is made “Re- 
ceived on Order M...... ” and the 
amount received is added to the 
amount previously on hand. As dis- 
bursements are made, the date, 
amount, and place used should be 
written in on the “Material Used” 
side. The amount used is sub- 
tracted from the previous amount on 
hand, thus leaving the amount on 
hand after disbursements. Hence 
the last amount in the right-hand 
column represents the amount that 
should be in the bin of the store- 
room. 

When the amount on hand, as 
shown on the inventory card, gets 
down to the minimum stock, it is 
time to requisition more material. 
Fig. 2 shows a requisition form. 
The requisitions should be made 
out by the electrical storekeeper and 
numbered in the order they are 
issued. In the form shown, the 


requisition number is placed in the 
requisition number column of the 
inventory card, as well as in the 
upper right hand corner of the 
requisition form. 
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On the line above the approval 
space the use of the materials or- 
dered is given. At the end of this 
line the account to which this mate- 
rial is to be charged is given. In 
this case it is to “Stores” as it will 
be charged out as used. On some 
construction jobs or special repair 
jobs the material is charged direct 
to the job. Therefore, a special ac- 
count number should be assigned. 

In the columns marked “Bin Num- 
ber,” the inventory number of the 
material is written, so as to provide 
positive identification of the mate- 
rial when it is received at the plant. 
In the next column the quantity on 
hand at the time of requisitioning 
is given. Next are given the con- 
sumptions for 3 months, 6 months, 
and 12 months. This can readily be 
found from the “Materials Used” 
side of card. These consumptions 
and the quantity on hand are given 
so as to show to the persons who 
must approve the requisitions that 
the materials are really needed. Also, 
it tends to keep the storekeeper from 
ordering too much or too little mate- 
rial at a time, for since he actually 
determines these figures he can see 
what past requirements were and 
can accurately judge the future 
needs. 

In the column after the consump- 
tions, the quantity wanted is given. 
Following that is the description of 
the article wanted. This should be 
complete as given on the inventory 
card and should include the manu- 





Fig. 2—When the amount of mate- 
rial on hand, as shown on the in- 
ventory card gets down to the mini- 
mum stock, it is time to requisition 
more material. This is a convenient 
form of requisition for this purpose. 
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facturers’ style number, drawing 
number or pattern number, so that 
the manufacturer can readily deter- 
mine the material desired. 

The next column is for the deliv- 
ery desired. This column is not in- 
tended for the words “At once.” 
Material should be ordered suffi- 
ciently in advance to give the pur- 
chasing’ department time to get the 
best terms consistent with delivery 
and also to permit the requisition to 
go through the routine channels in- 
stead of being telephoned from one 
department to another and rushed 
out by special messenger. 

The next three columns are in- 
tended for the use of the purchasing 
department. They may be filled in 
on the electrical superintendent’s 
copy after the purchase order has 
been placed and a copy of the order 
received. In any event the purchas- 
ing agent’s order number should be 
filled in, for this permits all the im- 
portant information about an order 
for material to be kept on one sheet. 
The electrical department should al- 
ways refer to its copy of the requisi- 
tion when expediting the delivery of 
the material and in such cases it will 
be found convenient to have the pur- 
chase order number on it. 

As mentioned before, the electrical 
storekeeper should make out the pur- 
chase requisition. In the works 
where the forms shown are used, 
four copies are usually needed and 
handled as follows: All four copies 
are sent to the electrical superin- 
tendent who signs his approval in 
the space marked “foreman.” He 
then returns one copy to the elec- 
trical storekeeper for the electrical 
department records. The remaining 
three copies are sent to the main 
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gated or grouped on a separate requisition, and in no ease should materials 
of dissimilar of unlike Kinds be mixed oa the same requisition (Bee 


execptions.) 


Paragraph One— 


Ths saone rexlaiialk ined Ghdiaha balesdeted. Renee’ 60 Gomiees ative | 
pages when two blinds, a celeauera- be 0 liet a full bill of material 


needed for a spesific job. 
Par es women 


uisitions covering bill of material for a specific job may be soade 
to uae ide ‘bued Rad couched 86 eoeaplets the jot: 


State plainly where material is to 10 be used of if for stock. 
Renee Mies ees Sacer ore stock and shies 


hereon ali items of information provided for. 


Requisitions sonst he appraved by Superintendent, 
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storeroom where approval is neces- 
sary to show that they have no such 
material in stock. They retain one 
copy for their records and for use 
in identifying the material when 
they receive it. The remaining two 
copies are sent to the general super- 
intendent for his approval. When 
he has approved the requisition, one 
copy is sent to the plant expediter 
for his information in expediting the 
delivery of the material. The orig- 
inal is sent to the operating vice- 
president. After his approval, the 
requisition goes to the purchasing 
department. : 

When the purchasing department 
has placed the order for the material 
called for on the requisition, what 
is called a purchase order is issued. 
This is sent to the firm receiving the 
order, to the storekeeper, the ac- 
counting department, the expediter 
and the electrical department. On 
the purchase order is given all the 
information that is given on the 
requisition, together with name of 
firm with which the order was 
placed, the order number and the 
price. 

When the material is received at 
the main storeroom, the receiving 
clerk identifies it from the order 
number marked on the package by 
the manufacturer. The receiving 
clerk then attaches a tag to the 
material. On this tag is written 
the description of the material and 
its inventory number. 


USE OF MEMORANDUM OF 
RECEIPTS FORM 


The receiving clerk makes up the 
form “Memorandum of Receipts” in 
duplicate. On this form (Fig. 3) is 
marked the date of receipt, the 
freight item number, the freight 
charges, and the name of the car- 
rier. Following this is the charge 
or account number to which the ma- 
terial is to be charged as shown on 
the requisition. Below this comes 
the purchase order number and the 
requisition number. The job num- 
ber is only used for special construc- 
tion accounts. In the next line is 
given the name of the firm supply- 
ing the material. Following this is 
the quantity of material reccived, 
the description of the material and 
its inventory number. 

Both copies of the memorandum 
receipt are signed by the receiving 
clerk. They are sent to the elec- 
trical storekeeper together with the 
material. He acknowledges receipt 
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of the material by signing his name 
to one copy of the form. This is 
returned to the main storeroom 
which in turn passes it to the ac- 
counting department as a voucher 
in passing the invoice for payment. 

The electrical storekeeper places 
the material-in the bin of the inven- 
tory number shown on the “Memo- 
randum of Receipts.” He also marks 
on the memorandum the amount of 
material he found in the bin at the 
time he added the new material. 
The inventory card is then taken 
from the file and on the material 
received side and on the same line 
as the requisition number on which 
the material was ordered, is placed 
the purchase order number, the date 
of receiving, and the amount re- 
ceived, as shown on the “Memoran- 
dum of Receipts.” On the material 
used side of the card, the amount on 
hand is checked against the amount 
found in the bin at the time of add- 
ing the new material. The amount 
on hand is increased by the amount 
received by an entry “Received on 
Order M98343—200.” 


HOW THE STOREROOM ORDER 
Is USED 


The last form of the series (Fig. 
4) is the “Storeroom Order.” This 
is used in charging out material. 
This form is made out by the fore- 
man on the job that is using the 
material. He fills out all the spaces 
except the inventory number, price, 
total value and “charge.” In the 
upper right hand corner of the form 
will be found three little spaces 
marked “Operation,” “Construction” 
and “Special Repair.” If the mate- 
rial is to be used for operation, the 
corresponding space is checked. If 
it is to be used for either of the 
others, their spaces are either 
checked or the account number writ- 
ten in. The date follows, and after 
it comes the department which is to 
be charged with the material. On 
the next line is the machine cr place 
in which the material is to be used. 
The space for “Charge” is filled in 
by the main storeroom when it re- 
ceives the form. This is the number 
of the account to which the material 
is to be charged. Then follows the 
quantity and kind of material 
wanted and the foreman’s signature. 
This form is given to the electrical 
storekeeper and it is his authority 
for giving out the material. He 
enters the inventory number of the 
material on the form, and gets this 
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number from the card attached to 
the bin from which he takes the 
material. He then finds the inven- . 
tory card of this number and makes 
an entry on the material used side, 
of the date, amount of material used, 
and the place where used. The 
amount used is then subtracted from 
the previous amount on hand so as 
to give the actual amount now in the 
bin. When the amount on hand ap- 
proaches the minimum stock, he 
issues a new requisition and the 
cycle of operation is repeated. 

The “Storeroom Order” is then 
sent to the main storeroom where 
a set of cards is arranged in numer- 
ical order for inventory numbers. 
They find the card of the number 
called for on the “Storehouse Or- 
der,” and price the material from 
their card and make the proper 
charge of the material. They are 
able to accurately price the material 
because when it was received they 
debited their card with the amount 
shown on the order for the incom- 
ing material. For each “Storeroom 
Order” received they credit or 
charge out the amount called for. 

The inventory cards at the elec- 
trical storeroom are filed according 
to kind of material. There are sev- 
eral main divisions of the file, such 
as Armatures, Bearings, Coils, Con- 
tactors, etc. Each division is divided 
into subdivisions and the subdivi- 
sions are divided into sections. For 
instance, under the main division of 
coils are found the subdivisions of 
armature, field, stator and rotor 
coils as follows: 

COILS (Division) 
Armature Coils (Subdivision) 
Section 42—Type SK, Armature 
Coils 
10 HP 110L SK......Inv. No. 85675 
15HP120  SK......Inv. No. 86546 
20 HP 110L SK.......Inv. No. 86512 
20HP 130 = SK......Inv. No. 86521 











35HP 160 SK......Inv. No. 86536 
Section 48—Type MC, Armature 
Coils 
20 MC Inv. No. 86521 
aR Inv. No. 86528 
40 MC Inv. No. 86541 
70 MC Inv. No. 86565 
80 MC Inv. No. 86572 





OF Piidiiicoss Inv. No. 86548 
Field Coils (Subdivision) 
‘ Section 44—Type SK, for Shunt 
Fields 
10 HP 110 L SK......Inv. No. 87852 
15HP120 SK......Inv. No. 87868 
20HP 130 SK......Inv. No. 87894 
385HP 160 SK......Inv. No. 88901 
Section 45—Compensating Field 
Type SK (Different sizes of 
motors follow) 
Section 46—Commutating Field 
Type SK (Different sizes of 
motors follow) 
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Fig. 4—This is the storeroom order 
used in charging out material. It is 
made out by the foreman on the job 
and given to the storekeeper as his 
authority for giving out material. 





Section 47—Type MC, Shunt Field 
(Sizes of motors follow) 
Section 48—Type MC, Series Field 
(Sizes of motors follow) 
Section 49—Type MC, Series Coils 
for compound motors (Differ- 
ent sizes of motors follow) 

Stator Coils (Subdivision) 

Section 50—Type CS 
sizes follow) 

Section 51—Type CW 
sizes follow) 

Rotor Coils (Subdivision) 

Section 52—Type CW 
sizes follow) 

It will be noticed that the sections 
are arranged in the file in numerical 
order. It is for this reason that the 
section number is always included as 
part of the inventory number. It 
follows the inventory number, sepa- 
rated by a dash, thus, 86573—63. 

The most convenient way of filing 
the inventory cards is a vertical file. 
The main divisions are separated by 
red fibre separators with suitable in- 
dex tabs, and the subdivisions may 
be separated by green fibre with 


(Different 
(Different 


(Different 
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suitable index tabs. The sections 
should be in the form of a folder, 
open at the top, and all of the in- 
ventory cards of that section placed 
therein. On the index tab of the 
folder should be placed the name of 
the section as well as the section 
number. Thus in looking for a cer- 
tain card in the file, it may be found 
by looking for the class of material 
and then finding the right section 
and then the card in the section. If 
the section number is known, the 
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proper section may be pulled out at 
once and the card found immediately. 
It will be found of value to keep 
two records of the assignment of 
inventory numbers to the different 
kinds of material. One list will be 
of inventory numbers in numerical 
order and will give the inventory 
number, the description of the ma- 
terial and the section to which the 
material was assigned, as follows: 


Inventory Number Description 
ates S, No. 123679, Contact 


Jb] eee Se eee ee Sec. 63 
85674—Bearings Pattern No. 6425... 

Se te Re ee Sec. 21 
85675—Arm. Coils for 110 L, SK, 10 

3g 12; er Sec. 42 


This record can be used in assign- 
ing new inventory numbers and also 
to find the section number to which 
a given inventory number belongs. 

The other record is made up in 
numerical order of sections. Under 
each section is given all of the in- 
ventory numbers of the section and 
a description of the material for 
each inventory number. This record 
is made up as shown in the tabula- 
tion giving the arrangement of divi- 
sions, subdivisions and_ sections. 
This record is convenient in finding 
the inventory number of a given 
article, as it is quicker to look 
through this than through the card 
file. Both records can be made up 
in a loose-leaf form of note book. 

This method of handling mate- 
rial keeps a strict account of. the 
material and of itself renders an 
audit of the need, storing and use of 
material. (Continued on page 66) 





Fig. 3—This form headed “Memo- 
randum of Receipts” is made out by 
the receiving clerk who sends it in 
duplicate with the material to the 
storekeeper. One copy is receipted 
and sent to the accounting depart- 
ment as a voucher in passing the 
invoice for payment. The other copy 
is used in making entries on the 
inventory card. 
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IN NEARLY EVERY industrial 
works at one time or another, the 
services of a consulting engineer or 
a mill electrical contractor may be 
required. When the work to be 
done is let on a contract basis, the 
duties and responsibilities of a mill 
owner or his representative, the 
engineer and the electrical con- 
tractor should be carefully recog- 
nized. In this article these points 
are taken up together with con- 
struction data and records needed 
when figuring installation work. 


Duties and 
Responsibilities of 


The Engineer 
and Electrical 


Contractor 


And Their Rela- 
tions With the Cus- 
tomer on Contract 


Jobs in a Factory 
or Mill 


N THOSE cases where electric 
| wine and the installation of 

equipment in new extensions to 
industrial plants or changes in ex- 
isting installations are not executed 
by the operating organization of the 
plant, this work is usually handled 
by contracts made with a consulting 
mill engineer and industrial or mill 
electrical contractors. Where this 
work is extensive it has been found 
advisable and most economical to 
retain an engineer charged with the 
responsibility to draw up specifica- 
tions, make layouts, plans and cost 
analyses and sublet the installation 
work to an industrial electrical con- 
tractor who will execute it under the 
inspection and general supervision 
of the engineer. 

With the growth in extent and 
character of electric service in mills 
and factories, two phases of mill en- 
gineering have grown in direct pro- 
portion. One involves the analysis 
of service conditions and the plan- 
ning, specifying and laying out of 
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Between this blueprint and the actual installation work which it calls for lie 
the specialized functions of the consulting engineer and the electrical contractor. 


By DANIEL H. BRAYMER 


Editorial Director, Industrial Engineer 


the equipment required. This work 
falls to the engineer, working in 
close co-operation with the mill 
owner and his operating organiza- 
tion. The other involves the trans- 
lation of these plans and specifica- 
tions into details of construction and 
standards of workmanship. This 
work falls to the industrial electrical 
contractor, working in close co-oper- 
ation with the engineer. The exe- 
cution of the second phase of the 
work in connection with new mills 
and factories and the rehabilitation 
of old ones has opened a wide field 
of opportunity for the electrical con- 
tractor to establish standards of 
practice in keeping with engineering 
ideals of service that will bring to 
him a recognition for engineering 
and business ability in the field of 





electrical engineering of the same 
order that has been earned by the 
building contractor in other divi- 
sions of construction in the field of 
civil engineering. In electrical con- 
struction work there is a demand 
for not only good workmanship, but 
a knowledge on the part of the elec- 
trical contractor of electrical and 
mechanical operations in plant pro- 
duction and those changes and main- 
tenance problems that come with 
plant expansion and natural wear 
and tear of the equipment involved. 


‘Moreover, there is also a demand for 


evidences of business judgment and 
integrity that will merit confidence 
in the handling of work that calls 
for the expenditure of thousands of 
dollars in materials and labor. 

In the execution of industrial 
electrical construction work under 
the conditions that have been named, 
three parties are involved. ' First, 
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the mill owner or customer; second, 
his engineer or his engineering rep- 
resentative, and, third, the electrical 
contractor. On every job each has 
distinct and separate duties and ob- 
ligations, and since in this article 
we are dealing with the problems of 
electrical construction on conditions 
that might be considered ideal or 
those worth while to aspire to, it 
will be in order to list the range of 
duties and responsibilities of these 
three parties to a job. 


In the case of the mill owner and 
customer they are: 


1—The detailing of responsibility for 
important engineering work to an 
engineer of recognized standing. 
This is not only a matter of good 
judgment on the part of the mill 
owner or customer, that he may 
obtain the most efficient return on 
the investment of his capital, but it 
is a vitally necessary condition to 
obtaining fair competition on the 
actual work of construction when 
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the contract for installation work 
is being let. For without the detail- 
ing of such responsibility to a quali- 
fied engineer the mill owner cannot 
always intelligently compare bids 
which may be submitted, nor can 
he be assured of receiving the full 
value for the money he is investing. 
2—The appointment of one or more 
members of the plant operating or- 
ganization to work with the engi- 
neer in the analysis and layout of 
the work to best meet production 
procedure, general maintenance and 
upkeep as carried out in the works. 
3—The financing of the work. 


In the case of the engineer they 
are: 


1—To prepare definite and detailed 
plans and specifications, which may 
be the basis of bids by contractors 
and cover the work to be done as 
completely as possible, minimizing 
the amount to be performed as an 
extra to the contract. 

2—To set standards of quality and 
kind of equipment to be used. 

8—To set standards of quality and 
kind of workmanship to be required 
of the contractor. 
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4—To compare bids for work and judge 
responsibility and integrity of con- 
tractors submitting these bids. This 
includes advice to the customer on 
the details of the bids and his 
knowledge of and experience with 
contractors bidding as regards their 
technical and financial qualifications 
for handling the work. 

5—To inspect installation work and re- 
quire its strict conformity to speci- 
fications. 

6—To adjust conflicts or interferences 
between the work of different con- 
tractors on the job, involving such 
items as location of apparatus, pip- 
ing, wiring, etc., and fairly to place 
the responsibility for any additional 
expense that may be involved. 

7—To authorize items of work extra to 
the contract not included in the 
original specifications when such 
work originates after drawing up 
specifications and securing bids, and 
to adjust changes in contract price 
resulting from changes in original 
specifications. 


In the case of the electrical con- 
tractor they are: 
1—To execute all work in accordance 








Boxes—galvanized and cast iron. 
Boxes—outlet and switch. 
Box Connectors. 


Blocks, Test. 


Bushings—Federal type. 
Bushings—galvanized conduit. 


to 4 in. 
Conduit—ells and couplings. 
Conduit—fiexible metallic. 
Clamps—Mathews 4-bolt cable. 
Compound—cable bell. 


Cross Arms—galvanized. 
Cross Arms—braces galvanized. 


B. & S. 
Fixture Studs. 
Floor Rings—split, nickel plated. 
Fixture Loops—Besco 16801. 
Fuses—all sizes and voltages. 
Fire Extinguishers—one qt. Pyrene. 
Flexduct—all sizes % to 2 in. 
Forks—561 Pierce galvanized. 
Ground Clamps—*% to 4 in. 


and clamps. 


Knobs—5% Nailet. 
Lugs—all sizes up to 1,000,000. c.m. 
Lighting Brackets—street series. 


2200 volt. 

Lead—sheet and % in. pipe. 
14B.&S. 

Lock Nuts—conduit. 


Moulding, Wood and Fittings. 
Motors and Bases—as required. 





Angles—fiat galvanized and black channel. 


Bolts—all sizes and lengths, galvanized. 


Bus Copper and miscellaneous switchboard fittings. 


Condulets and Covers—all popular types and sizes % 


Cleats—All sizes and voltages 1,000,000 c.m. and smaller. 


Cutouts—complete line 600, 250, 125 volts. 
Dosserts—all sizes type A and S for 750,000 c.m. to 0000 


Guy Material—anchors, turnbuckles, insulators, thimbles 


Insulators—2200 volt pin type and wood strain. 


Lightning Arresters—compression chamber 220, 550, 
Lag Screws, Galvanized—from % by 2 to % by 6 in. 
Lamp Cord—G and Y and reinforced 18 B. & S. and 





Table I.—Types and Sizes of Materials Required for Emergency Stock When Handling 
Electrical Construction in Mills and Factories 


Switches—entrance. 


Switches—safety miscellaneous. 

Switches—push, snap, tumbler and door. 
Switches—miscellaneous. 

Switch Plates and Receptacle Plates—solid and stamped, 


BB and nickel. 
. Solder and Paste. 


proof. 


Tubes—porcelain 2-in. by 30-in. and smaller. 
Wire and Cable—Underwriter’s white, 750,000 c.m. to 12 


B. & S. 


Wire and Cable—RC 0000 to No. 14. 

Wire and Cable—VC 0000 to No. 12. 

Wire and Cable—WP 750,000 c.m. to No. 10. 

Wire and Cable—Miscellaneous—portable cord; 
proof; switchboard cable; colored braid, switchboard 
cable; 2200 volt triple conductor leaded cable; gal- 
vanized telephone wire. 

Washers—galvanized % and smaller. 

Transil Oil and P. B. Paint. 


Reflectors—R. L. M. 


material. 
Note: 


about $1,000 in 
Conduit, $1,456; 


$894; Sockets, $1,311; Tubes, porcelain, $1,317; Wire 
and Cable, $1,326. 


Nuts—galvanized machine bolt. 

Poles—30 and 35 ft. 

Pipe Railings and Fittings. 

Pole Steps—galvanized. 

Pipe Straps—6 in. and smaller, galvanized. 

Racks, Pierce—secondary 5, 3 and 2 spool. 

Receptacles—all popular types. 

Rosettes—all popular types. 

Bases—all popular types. 

Wood Screws—round head, blued 3% No. 16 and smaller. 

Screw Hooks—No. 1 and 1818 G, galvanized. 

Switches—knife, 200-amp., 250-volt and smaller; 100- 
amp., 600-volt and smaller. 


Sockets—P. B. key, keyless and pull chain. 
Tools—for sale at cost to workm 
Tape—rubber, friction, varnished cambric and weather 


Pins and Oak Brackets and miscellaneous telephone line 


On January 1, 1923, the value of these materials 
on hand in the stockroom was about $25,000. Stocks 


en. 


flame 


standard. 


value included: Condulets, $2,461; 
Fuses, $924; Bolts, $911; Flexduct, 
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| ©) !*-" Some mill installations call for heavy and perma- 
nent construction for service connections to build- 
ings. 
| illustrations show the supports which were used for 
carrying twelve 750,000 c.m. cables from the sub- 
station to the mill. 


with the spirit as well as the letter 
of the specifications. 

2—To establish and maintain high 
standards of workmanship. 

3—To plan the execution of work in 
such stages as will conform as fully 
as possible to the convenience and 
requirements of the customer and 
the schedules of other contractors 
executing other and associated parts 
of the installation work. 

4—-To provide such emergency stock as 
will prevent interruptions in the 
work under his contract through de- 
lays in shipments by manufacturers. 

5—To make sure that the work is 
complete and conforms with spcci- 
fications before calling upon en- 
gineers for final inspection. 

6—To keep the clearest possible rec- 
ords of all extra work performed 
and to perform no extra work with- 
out the authorization of engineer 
or customer. 

7—To establish such credit standing 
and standards of integrity as will 
guarantee the performance of a 
contract in all its engineering and 
legal details. 

8—A responsibility of the good con- 
tractor, sometimes overlooked, is to 
place upon the work a foreman and 
a crew of men whose standards of 
integrity and conduct will at least 
conform to those of the community 
in which they are placed and in no 
way be an offense to the customer. 


A contract form is an essential 
part of specifications for installation 
work which should be carefully 
prepared from the standpoint of 
completeness and clearness of in- 
stallation requirements that will be 
considered by the engineer in his 
inspections and approvals of work 
done by the electrical contractor. 
Such a contract form as prepared 
by the engineer should cover the 
following points: 


1—Duties and responsibilities of the 
electrical contractor. 

2—Work covered by the specifications 
and quality of the materials that 
shall be used together with refer- 
ences to official rules and stan- 
dards of insurance companies, 
state or municipal ordinances that 
must be met. 
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Here it was necessary to cross a river. 





38—Separate outlines of the different 


parts of the work contemplated 
and schedules giving the order of 
handling it when the operation of 
existing machinery is to be con- 
sidered. 

4—Detailed drawings interpreting 
specifications and plans showing 
locations of apparatus, buildings 
and main circuits. 

5—Inspection procedure and_ fees 
when municipal and state inspec- 
tions are required. 

6—Conditions under which work will 
be handled that represents addi- 
tions, omissions or defects. 

7—Conditions surrounding progress 
and completion of work. 

8—Terms of payment for work done. 

9—Requirements for final acceptance 
of work done. 

10—Procedure covering conflicts in the 
work handled by different con- 
tractors. 

11—-Schedules of equipment to be pur- 
chased by the mill owner and the 
electrical contractor. 






This is a typical construction for 
lighting of cotton mill villages sur- 
rounding the mill. 


The 
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12—Explanations under separate head- 
ings in the specifications covering 
the general procedure to be fol- 
lowed in installing each element of 
the job and the character of work- 
manship expected. Such explana- 
tions should usually cover: Sup- 
ports, joints and conductors for 
general wiring; provisions for and 
kind of exposed and inclosed wir- 
ing; requirements as to wiring 
devices and their locations, etc.; 
special clearances and_ special 
equipment that shall -be used. 
These and like details are essential 
in addition to the usual detailed 
specifications covering layout and 
character of each specific installa- 
tion or system shown in the lay- 
out drawings and detailed plans. 


In most cases where a qualified 
engineer-is retained by a mill owner 
the duties and responsibilities of 
each are simple and are well recog- 
nized. In other cases the duties and 
responsibilities of the electrical con- 
tractor are not so well recognized as 
they are inferred and legally made 
binding through the details of the 
contract as already outlined. In 
some cases the engineer undertakes 
a responsibility, often unfairly to 
himself, of compelling performance 
of work in accordance with the con- 
tract and frequently assumes that 
he can secure a kind of service in 
workmanship and ability gained only 
through experience that the elec- 
trical contractor does not possess 
and does not in any way reveal ex- 
cept through a low estimate in com- 
petitive bids. No criticism is in- 
tended for the engineer in this 
statement further than to say that 
he is in such instances assuming a 
responsibility in the execution of 
work on the sole basis of the lowest 
bid that is not fair to himself and 
his client and not conducive to the 
establishing of electrical construc- 
tion work on such a business basis 
as will enable the electrical con- 
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tractor to build a capable and ex- 
perienced personnel; to assure the 
performance of the details of speci- 
fications in contract form; or the 
building of a reserve in business 
capital that will enable him to estab- 
lish and maintain the emergency 
stock that is so essential to the com- 
pletion of work without interrup- 
tions or delays. 

A worse but less frequent modifi- 
cation of this practice is the sub- 
mitting of the amounts of the total 
bids to the client for decision after 
selecting two or three of the bidders 
who are close together. The fallacy 
of this practice can be best illus- 
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trated by an example. Suppose a 
doctor is called for a patient who 
has measles. He shows the patient 
three medicines, all of which will be 
in varying degree effective but differ 
in cost by small amounts and then 
asks the patient to select one from 
which the dose will be prescribed. 
If a physician should follow such a 
practice his sanity would promptly 
be questioned by the medical profes- 
sion. 

In the case of electrical contrac- 
tors, there is often found a deficiency 
in business methods and good judg- 
ment evidenced by a wildness of 
desire to secure a job without a 












































Table IJ.—Main Items of Materials Needed on Three 
Different Kinds of Jobs 
Job No. 1 Job-No, 2 Job No .3 
: ee sibiiakad ; 
Materials Used Mera | caer | tec re 
91 Motors, tion—490 lights, | lights, 150 watts 
1408 hp. 200 watts each each. 
and 431 motors, 
1057 hp. 
Da pies CS Me Na asks 22,000 ft. 92.000 ft. 64,500 ft. 
ES renee rer eee een 6,000 ft. 26,100 ft. 18,300 ft. 
dei rils ours Gb Mia sdxatdeas 350 400 95 
OES A 350 400 95 
Flexible Metal Conduit........ 270 ft. SS ere ee re 
ES S45 56.05 kee 5 os 1,700 2,360 2,950 
eh aL ba i's 6 vo sx 850 2,360 2,950 
Flexible Box Connectors....... 180 Gee ned eet 
Split N. P. Floor Rings........ 30 204 120 
eee 1,200 4,550 3,700 
ER aera 375 1,730 170 
Fibre Conduit....... By ha pc ee sacar oie acs a SS EEE ee 
SL EEC er erry: San ee SS PEERS ci nees ex's 
MPREEIESS Seen ceh hes wie ele Sc ecto a ke 185 327 200 
SCRE ere rere 185 1,010 850 
Cutout and Junction Boxes.... 102 595 ef 255 
PIPETTES is ce 32 5's x lave -e- <i staisiel§ 8 gis'e 3:0)6 08 7307's, ag AAG ic ae 
Gal .229 G. E. Compound for 
ak Sys Wags woeee ca 15 Aaa no 9) ee 
WIETCE TRACKS... os ccs sete 10 4 24 
Gross of R. H. Wood Screws... 16 ae 70 
MBCHING BONS. 6.56 sica ceases 85 85 80 
PN Sin kcves soscc wantin 600 630 700 
See eee rere 50 ft A Rae eee 
Angle Iron (Galvanized)....... 7 | ll OCS Loe! 144 ft 
GTOURG CIAINIDS: 6 oc ec ous wee 500 GU te Pts a ceases 
Lugs for Cutout Boxes and 
a errr 200 0 es onde Re, oe 
SE se ee rae ee 100 Ibs. 200 Ibs 125 Ibs. 
Ore ae cai Ma ss 5 Ibs. 20 Ibs 13 Ibs. 
Tape, Friction and Varnished 
NGS irae sala ok sk de os 50 Ibs. each 400 160 
NS io tran Sino eS $5,212 $15,100 $7,630 
Miscellaneous.......... 3,600 7 150 
Job No. 1.—Miscellaneous items hardware, cutout supports, concrete 
include: Motor supports, switch sup- and brick manholes; 1,000 ft. lead 
ports, gasoline, paint, hardware, bus pipe for anchoring boxes and straps, 
bars and insulators, grounding ma- bushed elbows, special castings, 
terial, iron for substation and trans- and junction boxes—$700.] 
former foundations—$3,600. Job No. 3.—Additional items in- 
Job No. 2.—Additional items in- cluded: Outlet boxes (1,050); re- 
cluded: Outlet boxes, distribution flectors RLM (715); swivel RLM 
panels (6); magnetic switches (4); hangers (716); safety switches 
reflectors RLM (490); and safety (175). [Miscellaneous: Gasoline, 
switches (51); circuit breakers (2). paint, hardware and supports for 
[Miscellaneous: Gasoline, paint, safety switches—$150.] 
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definite and accurate knowledge of 
all its costs and the probable con- 
tingencies that are involved. On the 
other hand, some electrical contrac- 
tors handling mill installations have 
spent much time in analyzing their 
work and devising detailed methods 
which show the necessary assur- 
ances and checks to be made in order 
that not only one but every job un- 
dertaken can be executed according 
to standards that will be easily rec- 
ognized as complying with the most 
rigid of specifications, if they do 
not provide examples of improved 
practice gained through the experi- 
ence of the capable men that they 
are thus enabled to employ. 





Character of Work That Is 
Covered by Table I 


Job No. 1.—A straight motor in- 
stallation of 91 motors, 1408 hp. The 
motors were operated on a 3-phase, 
550-volt distribution system. The wir- 
ing was an all conduit job, overhead 
attached to wood beams. 

Oil circuit breakers and compensators 
were used with motors and a few mag- 
netic switches with push buttons. 

The customer furnished the motors 
and switches and transformers. 

The contractor furnished the substa- 
tion structure and a long underground 
cut-in (100 ft.), using parkway cable 
installed in the ground without con- 
duit. The work was done in a textile 
mill of slow burning mill construction. 

The total cost was as follows: 

Material (substation equipment of 

$1,146 but no transformers or 





electrolytic arresters. Labor of 
I ates vicisunniseiceiaoand $ 8,812 
LL) en Rene ee See eae ores 2,426 
20% Commission..................-..--- 2,538 
$13,776 

SD SOAO Nine chee 1,456 
$15,232 


Job No. 2.—A mixed lighting and 
motor installation of 490 lamps, 220 
watts each, and 431 motors totaling 
1,057 hp. The work was done in scat- 
tered concrete buildings with all wir- 
ing exposed in conduit. The main 
switchboard was about 150 ft. from the 
service substation and it was prac- 
tically 400 ft. from stepdown trans- 
formers to center of distribution. Be- 
tween transformers and switchboard 
lead-covered cable was used in fiber 
conduit. The feeders from switchboard 
to center of distribution and to load 
were installed in conduit. 

The motor job included 336 1%4-hp. 
individual loom motors at 220-volt, 
3-phase, with snap switch control; 47, 
712-hp. spinning frame individual mo- 
tors with oil circuit breaker control but 
no compensators. There were 50 group 
motor drives and 5, 30-hp. motors using 
compensators or oil circuit breaker 
control. The motors other than those 
on looms were 550-volt, 3-phase and the 
lighting service was at 220-110 volts, 
single-phase, 3-wire from a 550-volt, 
3-phase supply. 

The lighting installation was in con- 
duit and included 200-watt RLM units 
with small group control. 
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Examples of Good 


Electrical Installations 
In a Cotton Mill 


A—Construction in a feeder tun- 
nel showing 500,000 c.m. feed- 
ers attached to the concrete 
ceiling. 

B—Motor mounting on concrete 
ceiling without motor supports 
for 4-frame spinning drives. 
Fuse box and switch are also 
shown attached to ceiling with 
short conduit runs. 

C—Insulated turnbuckles with 
3-in. fibre conduit sleeves in- 
stead of tape protecting live 


parts. The cleats below per- 

mit lowering of sleeves for ad- 

justing turnbuckles. 
D—Individual motor and switch 

mountings on spinning frames. 
E—Messenger wire supports for 

mounting feeders to Cooper- 
Hewitt lights. 

F—Another type of motor and 
switch mounting for looms. 
G—Strain supports for heavy 
feeders where they enter the 

building. 
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The customer furnished the motors, 
control devices, switchboard and trans- 
formers. The contractor furnished all 
of the motor supports, distribution pan- 
els and wiring materials. 


The total cost was as follows: 
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Job No. 3.—An all lighting job of 
716 lights, 150 watts each. This was 
a change-over job in an old mill of 
slow burning mill construction in very 
scattered buildings. The entire distri- 
bution was at 220-110 volts, 3-wire 
from a 220-volt source of supply. RLM 
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the load reduced. All feeders and 
switches were installed for the ultimate 
job but only one-half the total number 
of lights was installed. On remaining 
sections temporary connections were 
made to existing feeders. 

The total cost was as follows: 




















Material ....... $15,800 450-watt units were used. Material $ 7,780 

Labor sesens 5,510 All wiring was in conduit on wood = Labor 000..0........sscsecesssesceceeeceeeeeeeee 3,068 

15% Commission 3,196 beams. The beams were bored for % 15% Commission......................... 2,077 
and % in. tubes and spanned for 

$24,506 larger sizes. The feeders tapered as $12,925 

Table I1I.—Convenient Form for Summary Sheet Used in Making Up | 


Estimates on Installation Work 





ESTIMATE NO, 1 


DATE January 1, 1923 




















CUSTOMER John Jones ADDRESS _Jonesville, N. C. 
WORK Cotton mill electrical installation 
ENGINEER John Doe SPECIFICATIONS NO. 100 DATE Dec. 20, 1922. 
I-- MATERIAL: | z Sho poke Saami fees awe eee fern 

1 - Underwriter's Wire 

2- Percent on same 

3 - "eatherproof Wire 

4- Per cent on same 

5 - Varnish Cambric Wire 

6 - Rubber Covered Wire 

7 - Wiring Devices and Supplies 

8 + “xtra Freight & Express 

9 - truck 











II - LABOR AND LABOR EXPENSES: 

































































1 - Labor 4350.00 
2 - Foremanship & Expenses 600.00 - 20 weeks at $30 
3 ~- Bxponses of (* ) Men ; SE paar 
4 - Time and Exp. of Men in Travel. 150.00 
5 - Build Stock Room 50.00 
6 = Handle Stock 50 00 
7 - Miscellaneous Errands $ 25.00 
8 - Seaffolding $ 20 .00 
9 - Liability Insurance $ 100.00 TOTAL $ 5,375.00 
III‘ MISCBKLLANEOUS EXPENSES: 
1 - Office Expenses ¢  ----- 
2 - Travel. Exp. of Inspection $ 75.00 
3 - License $ 50.00 
4 - Tools $ 50.00 
5 = Sond 
6 - Inspection Fee TOTAL $ 175.00 
Total of all above $21,385.13 
IV - COMMISSION ON MATERIAL, LABOR & LABOR EXPENSES, 
AND MISCELLANEOUS AT 10% OVERHEAD 2,138.51 
Y . ITEMS WITH SPECIAL COMMISSION: a 
re $ TOTAL $ 
VI - ITEMS WITHOUT COMMISSION: ; 
I —_ WITHO fi $ TOTAL $ 
‘ti: Cone TOTAL $2 600.00 
GRAND TOTAL 24,523.64 
PRICE OFFERED. $24, 525.00 


ors 








mee 





Job. wes let for less than $21,000 to another electrical contractor. 








I—Material: 

Item 

1—All conduit job—wire used for 
grounding. 

2—Used when item is large because 

manufacturers will not guaran- 

tee weights within 3 per cent. 

This 3 per cent is added. 





4—-Same. 
5—Used on power wiring through- 
out and large lighting feeders. 
6—Small lighting feeders and mains 
and branches. 
7—All wiring material and miscel- 
laneous material. 


II—Labor: 


9—Liability to men and public based | 


III—Miscellaneous Expenses: | 
Item 


8—When out of state to cover state | 


4—Concrete mill construction wears | 


5—Municipal job only. 
6—In cities only and covers city 


V—lItems With Special Commission: 


Vi—Items Without Commission: 


ViII—Contingencies: 


| 


8—Buying done on quotations f.o.b. | 
job. Jobbers and manufacturers | 
usually ship collect. This item 
also covers shipping tools and 
tool boxes to the job. 

9—For job within radius of com- 
pany truck from headquarters. 
Ordinarily customer trucks ma- 
terials. 


Item 

2—Pay foreman’s living expenses 
up to $10 per week in addition 
to wages. He is expected to use 
about one-half his time in pro- 
ductive labor. On small job 100 
per cent time in productive labor 
is expected. 

3—Bonus to cover high living ex- 
penses during war. No living 
expenses allowed at present. 

5—Men must have working space; 
space is sometimes furnished by 
mill. 

6—Unpacking and sorting on 
shelves made from boxes used in 
shipping. 

8—Building solid bucks and special 
heavy scaffolding with lumber 
furnished by mill. Normal break- | 
age in step-ladders and straight | 
ladders. 








on pay roll. Runs up to 10% 
per cent on some classes of work. 


license. 


out drills.) No charge made for | 
wear and tear but only drills | 
actually consumed. 


inspection. 


May be called upon to furnish | 
motors and large transformers | 
purchased by contractor. 


When agreement is made to 
draw plans and do layout, no 
commission is charged but billed 
as special work. 


Unusual work or conditions with 
undue hazards. In this case it 
was state contract with unusual 
conditions. 
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Table IV.—An Analysis of Seven Motor Installation Jobs Showing Cost 
Per Horsepower. No Commission Is Included. 















































aati ‘ae TYPE OF JOB INSTALLATION COSTS 

b : , , : 
” Volts | Hp. feats sty oy +s Hp. —— Total Material Labor a. Types of Motor Drives 
1 550 | 900 0 5 128 Mixed $3925.00 | $1981.00 | $1596.00 | $ 4.35 | Individual 

2 550 | 583 0 12 56 Conduit 3575.00 | 2329.00 886.00 6.15 | %4 Ind. and % group. 

3 550 | 155 0 3 17 Conduit 1993.00 | 1163.00 560.00 | 12.80 | 34 Ind. and % group. 

4 550 | 730 1 9 75 Conduit 3219.00 | 1902.00 887.00 4.40 | % Ind. and % group. 

5 550 | 147 0 7 3 Conduit 1442.00 914.00 | 330.00 9.80 | All group. 

6 550 | 2765 24 68 3 Cleat 11700.00 | 7459.00 | 2976.00 4.20 | All group. 

7 550 | 550. 0 7 70 Mixed 5400.00 | 3734.00] 1122.00 9.85 | 34 Ind. and \ group. 

REMARKS: motors, except spinning frames which were all 4-frame drives. 


Job No. 1—Unusually good feeder condition in that 
motors were closely grouped around center of distribution 
which was about the same as the switchboard location. 

Job No. 2—A representative installation. 

Job No. 3—Very exceptional feeder condition with long 
loops of 300,000 c.m. cable for connecting two generating 
stations. 

Job No. 6—All group drive consisting of 75 and 50 hp. 


Job No. 7—Included receptacle circuit throughout mill 
for portable extension lights and electric drills—Unusually 
costly design of motor support was used and long -under- 
ground cut-in. 

The variation in cost per hp. is nearly in inverse propor- 
tion to size of job in hp. On certain jobs the contractor 
furnished motor supports for ceiling mounting and the 
customer furnished brackets on machines. 
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In the accompanying tables are 
set forth some of these methods and 
the data and information that is 
essential to an installation cost 
analysis of mill construction work 
in the installing of electric service. 
Table I shows the items that are 
considered essential by one large 
contracting company in their re- 
serve or emergency stock to insure 
against delays in shipments or in- 
complete shipments of materials by 
manufacturers. Such a reserve stock 
cannot be built from the odds and 
ends left over from various jobs but 
must be an orderly stock complete 
in essential sizes and types. How- 


ever, to such a stock certain quanti- 
ties of leftover materials such as 
wire and cable can be added. But 
in a carefully made up bill of mate- 
rial for every job, such odds and 
ends should be negligible in quan- 
tity. Table II is made up from 
estimating sheets on three different 
types of jobs indicating the main 
items of materials required that are 
listed more briefly in a schedule 
form shown in Table III. Under 
the head of materials, this estimat- 
ing schedule serves as a final check 
on the work to be done and presents 
the requirements of the job in such 
form that it is complete and easy 


for filing and for reference when 
estimates on other jobs are being 
prepared. 

Table IV represents an analysis 
of motor installation costs that is 
useful in the same connection. It 
shows the trend of costs during the 
period the work is being done by 
the type and extent of the installa- 
tion, the kinds of materials required 
and the amount of labor involved. 
Table V shows a similar analysis for 
lighting installations. These data 
do not lend themselves to definite 
conclusions or comparisons of costs 
and should not be so used, for the 
particular (Continued on page 66) 








Table V—An Analysis of Nine Lighting Installations Showing Cost Per Square Ft. 4 




































































| 
| 
| 
| Lighted and Per Unit Used. No Commission Is Included. 
| WIRING INSTALLATION COSTS 
No.of | Floor | No. of Total Watts] —3- 
| Job Area | Lamps | Watts iene eed Watts ee Wire Open, Total Cost | Cost per] Total | Total 
Lighted Lamps Sq-Ft.| or 2- Moulding, or Cost per Light Cost Cost 
Wire Conduit Sq. Ft. Unit | Material] Labor 
1 78,500 286 200| .... |.... | 286 |57,200] 0.73 2 Conduit $4253 |$0.054 | $14.90] $2718 |$ 862 
| 2 —‘|109,500 408 200 17 75 425 |82,875| 0.755) 3 Conduit 3865 | 0.0352 9.10 2394 | 955 
| Cleat Mains and 
3 62,000 245 200 9 75 254 | 49,675| 0.800} 3 | Cond. Brchs. | 2458 | 0.0396 9.70 1478 | 659 
4 33,250 185 150] .... | .... | 185 | 27,800] 0.84 3 Conduit 1825 | 0.055 9.90 1087 | 467 
| 5 126,800 359 200 37 75 396 | 74,575| 0.6 3 Cleat 5832 | 0.046 14.75 2950 | 2080 
6 18,600 114 200 114 |22,800| 1.23 3 Cleat feeders | 1350 | 0.069 11.80 899 | 278 
Cond. M. & B. 
| 7 23,100 84 Re, 555." 0 od 84 | 16,800] 0.72 3 Conduit 770 | 0.033 9.10 399 | 265 
8 110,000 381 200 36 75 417 | 78,900] 0.71 3 Cleat 5280 | 0.048 12.60 2741 | 1375 
| 9 34,400 122 200 2 75 124 |24,550| 0.72 3 Conduit 1296 | 0.038 10.45 674 | 453 
| Average | 66,239 | 254 | 48,352 $2992 | 0.0348 | 11.37 | 1704.44/821.55 
REMARKS: The factors entering into the “Cost Per supply 400 feet from center of distribution. Double throw 
| Light Unit” are: (1) Quality and color of goods made. switching was required. 
| (2) Ceiling height and size of reflector required. (3) Conduit Job No. 2—Reflectors were furnished by the customer. 
| or cleat wiring. (4) Number of floors in building—risers and Job No. 3—Source of supply was center of distribution. 
distribution therefrom. (5) Voltage of supply circuit—and Job No. 5—Only part of transformers furnished but 
| consequent size of feeder to distribution transformers from switches and risers for double the lighting installed. 
| source of supply. Job No 8—Provided feeders for double the lighting ser- 
| Job No. 1—A 2-wire distribution system with source of vice installed. 
| 
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MR. SVENDSEN OPERATES a repair shop 
in the medium to large class a 1 rewinds, 
repairs and rebuilds all types « electrical 
machinery and switchboards. sie has de- 
voted considerable study to an analysis of 
the cost of repair work in small shops and 
has as a background for his investigations 
considerable experience in engineering and 
production methods on a large scale. His 
comments are of such wide interest that 
INDUSTRIAL ENGINEER welcomes and will pub- 
lish discussions from other readers who are 
working along similar lines and have outlined 
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cost systems meeting their requirements. 
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Some Problems Faced When 
Analyzing Electrical 
Repair Shop Costs 


That Make a Schedule of Prices Little 
More Than a Rule of Thumb Guide 


HE average commercial re- 

pair shop that is doing a wide 
variety of work at a fair profit 

has reached that point largely 
through main strength, awkward- 
ness and considerable experience. 
When the labor and material costs 
for one particular class of work have 
been fairly well analyzed along 
comes the special job, that takes 
more time and special treatment and 
the refinement of a former analysis 
of costs again must be modified by 


By GEORGE P. SVENDSEN, 
President, Boustead Electric & Mfg. Co., 
Minneapolis, Minn. 
good judgment and some luck in 
having available a coil winder who 
possesses a little initiative along 

with considerable skill. 

Every man who is operating a re- 
pair shop has his own methods of 
getting at the proper billing price 
for a job, which is built up on a 
time and material basis with addi- 
tions for the elusive term “over- 







This photograph shows the wide range 
of jobs that come to a repair shop. 
Between the tiny armature in the fore- 
ground and the large stator in the 
background lie the elements that call 
for time, materials and experience 
and obey no set rules. 





head” that are good, bad and indif- 
ferent. There are several schemes 
for distributing overhead expense on 
different jobs that represent modifi- 
cations between a flat percentage on 
the cost of labor and material to the 
complicated machine-rate and man- 
rate method. Most shops simply set 
a flat rate varying from 40 to 60 
per cent of the cost of labor and 
material or they use a flat rate for 
covering the labor of all kinds that 
is required. 

On the face of it, it hardly seems 
logical to charge the same rate for 
a man working outside the shop 
with a few hand tools as for the man 
using a high-priced machine requir- 
ing floor space, power, light, etc. 
Then to complicate matters, there is 
the problem of high-priced experts 
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Here again is an illustration of how 
a profit is made or absorbed on a 
job in direct proportion to the num- 
ber of benches and the presence or 
lack of nimble hands and wide ex- 
perience. 





who are put to work on jobs that a 
cheaper man could do, simply be- 
cause they must be regularly on the 
pay roll to be available at all times 
for the particular kind of work at 
which they are skilled. 

Here is another of our repair shop 
problems that the ordinary cost man 
doesn’t get, and that is the great 
variety of our jobs. For example, 
our system of cost records must be 
able to take care of a big machine 
requiring all classes of labor and 
material, including engineering serv- 
ice, and still not be too cumbersome 
to take care of a little half-hour fan 
repair job requiring practically no 
material. 

I am now working on a plan of 
classifying labor according to equip- 
ment and type of man normally re- 
quired and making up a schedule of 
hourly rates accordingly. This will 
involve a new time card arranged 
for machine record, and is quite a 
problem to work out and still keep 
the bookkeeping within reasonable 
limits. 

When this matter of analyzing 
costs is taken up in a detailed fash- 
ion, it is usually found that the sub- 
ject is taken up from an account- 
ant’s viewpoint and the conditions 
found in a large factory geared up 
for quantity production, with little 
consideration given to the problems 
and operating conditions found in 
the small jobbing or repair shop. 

About the first thing any cost ex- 
pert recommends is a locked stock 
room with material issued on requi- 
sition only. This is fine for the or- 
dinary factory but hits a snag in 
our work because so many jobs re- 
quire only minute quantities of ma- 
terial whose individual cost is less 
than the cost to handle the requisi- 
tions. This almost broke up our 
stock room proposition until we is- 
sued this miscellaneous material on 
a budget basis, a scheme suggested 
by the Alexander Hamilton Institute 
during a correspondence on this sub- 
ject. Such items as string, glue, in- 
sulating varnish, tape, solder, paste, 
etc., are issued to the shop in stand- 
ard quantities once or twice a month 
and the foreman makes an estimate 
of the “budget” material on each 
job and marks it on his report. 


Whenever a job takes an appreciable 
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Schedule for Estimating Rewinding Charges 
for Induction Motor Stators 
That use 2 and 3-phase windings operating on 110, 220, 440 or 550-volt circuits 














Horsepower 1,800 Revolutions 1,200 Revolitions 900 Revolutions 
per Minute per Minute per Minute 

We $ 22.00 $- 24.00 $ 32.00 
%4 26.00 28.00 35.00 
1 28.00 32.00 40.00 
1% 32.00 35.00 42.00 
2 35.00 40.00 44.00 
3 40.00 46.00 55.00 
5 46.00 53.00 64.00 
7% 55.00 64.00 74.00 
10 64.00 74.00 80.00 
15 74.00 81.00 100.00 
20 81.00 94.00 118.00 
25 86.00 112.00 125.00 
30 102.00 125.00 145.00 
40 120.00 145.00 164.00 
50 136.00 164.00 190.00 
60 151.00 190.00 210.00 
75 191.00 210.00 240.00 
100 | cain) gained 245.00 270.00 














The above prices are based on the 
old winding being in the frame and 
the scrap being retained by the re- 
pair shop. If the machines are 
stripped when received an additional 
charge will be necessary to cover the 
scrap value and the cost of rede- 
signing the windings. 

Wound Rotors—The above prices 
are for rewinding the stator only. 
On slip-ring motors or other types 
of motors with wound rotors the 
cost of rewinding the rotor only is 
approximately the same as rewind- 
ing the stator. 

Squirrel-Cage Rotors.—On squirrel- 
cage rotors, the joints between rotor 
bars and end rings quite frequently 
get burned. The cost of acetylene 


| welding these joints, turning and re- 
| balancing rotor varies considerably 


with different types. An approxi- 
mate cost for this work is between 


| 15 and 20 per cent of the stator re- 
| winding price. 


Bearings—Bearings in motors 


| range all the way from the cheap, 
| die-cast composition factory bearing 
| to the special bronze and split bab- 


bitt bearings. An approximate cost 
per bearing, including taking out 


the old bearing and installing the 


new one, will be 74% to 10 per cent 
of the stator rewinding price. 

High-V oltage Windings—Stators 
above 550 volts take a special insu- 
lation and will vary considerably in 
cost with different makes. The cost 
of rewinding 2,300-volt stators will 
average 20 to 25 per cent higher 
than the listed prices. Above 2,300 
volts each job will be priced spe- 
cially. 

Direct-Current Armatures.—It is dif- 
ficult to make a schedule of prices 
for rewinding of direct-current ar- 
matures, as there is considerable 
variation in different makes. How- 
ever, the above schedule will be ap- 
proximately correct for rewinding 
modern direct-current armatures, ex- 
clusive of any repairs to commuta- 
tors. 

Single-Phase Rotors and Stators.— 
There are so many varieties of 
single-phase motors on the market 
that the cost of rewinding each type 
must be estimated separately. The 
above schedule will, however, serve 
as a rough guide when it is remem- 
bered that a single-phase motor is 
about 50 per cent larger than a 
three-phase machine of the corre- 
sponding rating. 
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Operation of expensive equipment 
like this is an element in figuring 
costs of a repair shop that is often 
overlooked by the customer and 
user alike. It is frequently the cause 
Ata ee of misunderstandings with the cus- 
tomer and losses to the repair shop. 


INDUSTRIAL ENGINEER 



















amount of this miscellaneous ma- 
terial, a regular requisition would 
be issued. The “budget” scheme is 
simply used for the small accounts. 

In the February, 1922, issue of 
INDUSTRIAL ENGINEER a schedule of 
repair prices was published. A sim- 
ilar schedule of rewinding prices ac- 
companies this article, which has 
been worked up from the costs of 
several shops and used where esti- 
mates and quotations are required 
on arepair job. Such a schedule can 
be depended upon, however, only for 
an average cost on a straight re- 
winding job on a standard machine, 


since costs will vary with different 
ages, makes and types of motors. 
For the later designs of polyphase 
stators this schedule of prices will 
check fairly closely when the stator 
dimensions and the winding specifi- 
cations do not differ widely. In the 
case of old alternating-current ma- 
chines and practically all direct- 
current machines, however, there 
will be a considerable variation in 
specifications of windings for the 
same horsepower rating and the 
same speeds. 

One large repair shop has at- 
tempted to get around these varia- 
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tions by using a set of curves giving 
rewinding costs based upon diameter 
and length of core. This is a step in 
the right direction, but has the dis- 
advantage that it requires disman- 
tling the motor to give a price which 
is out of the question in most cases 
where the customer ’phones .or 
writes in for a hurry-up quotation, 
giving nameplate data only. 
Another factor which neither this 
scheme nor the horsepower-speed 
prices take into account is the size, 
number and shape of slots, which 
are really the determining factors in 
the labor cost of rewinding. 
Several months ago, in checking 
some winding costs, I ran across an 
extreme case of cost variation in 
this regard. This particular motor 
was rated at 10-hp., 900-r.p.m., 220- 
volt elevator duty which would cor- 
respond to about a 714-hp. continu- 
ous rating. The labor cost of this 
machine was extra low, running 
about the same as a 3-hp., 1,800- 
r.p.m. motor. At first it was thought 
an error had been made in the labor 
cost records, but these were checked 
and found correct. Further investi- 
gation disclosed the fact that there 
were but 48 coils where ordinarily 
there would be 72 or 96 in a ma- 
chine of this rating. In addition, 
mush coils were used with open slots 
instead of the customary partially 
closed slots. This is just a sample 
of the many things that make it dif- 








Schedule of Rental Rates for Generators, Motors, Transformers and Meters 


Used for Temporary Service 












































A. C. SQUIRREL CAGE, 
Cc. ‘D. C. MOTORS, 110, 220, OR MOTORS* , c¢C RS, SINGLE 
DC 0. 220 OR 250 VOLTS. 500 VOLTS—STANDARD VOLTS ’2, ORS BHASE PHASE STANDARD SPEEDS 
SPEEDS STANDARD SPEEDS 
Each Suc- Each Suc- Each Suc- Each Suc- 
4 One Mont : Hp. One Month : Hp. . Hp. One Month . 

Rating or Less . pound Rating or Less phate Rating ge roe ene Rating or Less — 

3 /$ 10.00 |$ 6.00 1 $ 6.00 |$ 3.50 i $ 6.00 |$ 3.50 1 $ 8.00 $ 5.00 

6 12.00 7.50 zy 7.50 4.50 2 7.50 4.50 1% 9.00 6.00 

8 15.00 9.00 3 9.00 5-50 3 9.00 5.50 2 11.00 6.50 

10 18.00 10.00 5 11.00 6.50 5 11.00 6.50 3 12.00 7.50 

12 20.00 12.00 71% | 13.00 8.00 7% | 13.00 8.00 5 15.00 9.00 

15 25.00 fF 15.00 10 15.00 9.00 10 15.00 9.00 7% 20.00 12.00 

20 30.00 18.00 15 18:00 10.00 15 18.00 10.00 10 25.00 15.00 

30 37.50 2200 20 20.00 12.00 20 20.00 12.00 15 30.00 18.00 

40 45.00 27 .00 25 25.00 15.00 25 25.00 15.00 20 40.00 24 .00 

50 55 .00 33 .00 30 30.00 18.00 30 30.00 18.00 Za 45.00 27.00 
60 65 .00 39 .00 35 35.00 21.00 35 35.00 21.00 
4a 85.00 51.00 40 40:00 24.00 40 40.00 24.00 
100 120 .00 72.00 50 50.00 30.00 50 50.00 30.00 
150 180.00 {108.00 75 75.00 45.00 75 75.00 45.00 
200 240.00 '144.00 100 100.00 60 .00 100 100.00 60.00 














The rental price on all machines in- 
cludes rails, or base, starting rheostat or 
compensator and such pulley as we can 
furnish from our stock. Alternating 
current motors up to and including 5-hp. 
are furnished without starters. 


Rental on slow speed and on low volt- 
age machines on application. Rental on 
transformers, $1.50 per kw. first month; 
75c per kw. per month thereafter. 

The rental on wattmeters and am- 
meters is a minimum charge of $5.00 


for first month or lesser period ”on in- 
struments valued at $30.00 or less. 
Rental on larger sizes on application. 


*For slip ring motors the prices are 
25 per cent higher than those listed. 
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ficult to make up any winding cost 
schedule. 

In the case of direct-current and 
single-phase motors, there is even a 
greater variety of types and con- 
struction, especially with direct-cur- 
rent, as they represent such a wide 
span of years in design. 

We have the same variation to 
contend with in the cost of bearings. 
For example, a certain die-cast white 
metal bearing can be purchased for 
$1.06, while a similarly rated motor 
of another make has a complicated 
split babbitted bearing which will 
take almost a day’s time for a ma- 
chinist to babbitt and machine, be- 
sides using an amount of babbitt 
which alone would cost more than 
the die-cast bearing. Between these 
extremes is the bronze bearing ma- 
chined to order from cored bushing 
stock. 

In our work we use the accom- 
panying schedule for approximate 


quotations when these are required 
and put each job through on a cost- 
plus basis and bill accordingly. We 
have found that a customer is ready 
to pay for a quality job that can be 
depended upon and stands up in serv- 
ice. When work is done on this basis 
and the confidence of the customer 
is secured, prices are seldom called 
for in advance. Moreover, so much 
of the work of a small repair shop is 
only the replacing of a few coils or 
the location and correcting of wind- 
ing troubles that the big problem is 
the working out of an equitable 
method for charging for material 
and labor so as to include the proper 
amount of overhead and a reason- 





—— 


Coil making is an art that can be 
greatly refined when suitable ma- 
chines are provided. Good coils 
properly formed not only make a 
good winding job possible but save 
a lot of the time of the man who 
inserts them. 








Vol.81, No.1 


What the vault is to a jeweler like 
Tiffany, this storeroom is to the re- 
pair shop. When open to everyone 
it’s a liability; but properly guarded, 
it’s the control on avoidable losses, 
and waste. 





able profit. This is largely a matter 
of experience and good judgment 
where skilled men are employed. 

In view of the wide variation in 
analysis of costs, however, I believe 
that a discussion of methods used 
and the equipment employed in re- 
pair shops would be of interest and 
profit to all concerned, and I hope 
that readers of INDUSTRIAL ENGI- 
NEER will present their views on the 
subject for publication. I would 
particularly welcome comments on 
the viewpoints which I have here 
presented. 





The 
Coil-W indin’ 
Man 


Here’s a little jingle that is just 
as true in fact as it is in rhyme. 


When motors are stoppin’, 
Wherever he is, 

He’s right there a-hoppin’, 
To keep ’em in biz; 

He knows every part of 
A motor’s inside, 

An’ harks to the heart of 
Her hummin’—with pride! 


No matter what make of a mo- 
tor it be, 
He knows all about it—from A 


to Z; 

An’ if it needs fixin’—well, fix 
it he can— 

He’s some motor-fixer—the coil- 
windin’ man! 


He’s always a-bustle, 
With “ginger” an’ “snap”; 
His job’s to keep motors 
From goin ’to “scrap,” 
He turns his wise eyes on °em— 
And grins a broad grin— 
You bet he is wise to °em— 
Outside an’ in! 


No matter what’s ailin’ them— 
take it from me, 

He'll fix it—whatever the trou- 
ble may be! 

He’s some little fixer, and if 
anyone can 

Make good on a job—it’s the 
coil-windin’ man! 


If you will paste this up in your 
repair shop, I think it will serve as 
a little recognition that is due your 
coil-winding man. It is presented 
with acknowledgment to the author, 
James Edward Hungerford, Los 
Angeles, Cal. 


Crovitieal GAT 
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WHAT IS INCLUDED in mainte- 
nance work? How is it handled in 
different plants? How often are 
inspections made on different 
equipment? What are the most 
frequent causes of motor failures? 
What is the character and amount 
of parts and supplies kept in stock 
by different companies for mainte- 
nance work? These and some 
fifteen other points in the operation 
and maintenance of systems in 74 
industrial works are answered in 
detail in this article. It’s the first 
analysis of this kind that has been 
made heretofore and will be a reg- 
ular feature of every January issue 
of Industrial Engineer. 


This is 
a Report on 


Practice 1n 
Maintenance 


Work 


Showing How 74 
Gompanies Handle 
Inspections, Repairs 
and Maintenance 
Supplies 


By E. H. HUBERT 


Associate Editor, Industrial Engineer 


AINTENANCE of electrical 
\Y and associated mechanical 
systems in industrial works 
is a broad subject, as long and as 
wide as the area covered by the 
structures in which the work of pro- 
duction is carried on, as compli- 
cated as the equipment and processes 
that are used. It is less organized 
than the ‘work of production at ma- 
chines, yet of equal importance and 
an essential element in a program of 
production at the most economical 
cost per unit of product made. 

In this article an analysis is made 
of maintenance procedure and prac- 
tices in 74 works along the line of 
power service from the main switch- 
board along feeder and distribution 
circuits, through control equipment 
and motors, through bearings, pul- 
leys, belts, shafting and speed chang- 
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W ork in the repair shops is curative and only one phase of maintenance—adequate 
inspection is preventive and reduces extensive repair costs to a minimum. 


ing equipment and other parts of 
the mechanism of power service op- 
erated by the motor down to the pul- 
ley or spindle of the machine en- 
gaged in a process of production. 
In this line of power service is also 
included those elements of service to 
machines and departments of pro- 
duction represented by material 
handling equipment such as convey- 
ors, elevators, cranes, electromag- 
nets, electric storage battery trucks 
and the like—equipment that is op- 
erated by motors or electrical energy 
and renders a service that fits in be- 
tween steps of specialized produc- 
tion at machines. 

The maintenance procedure em- 
braces work done on the job in this 
line of power service and that which 
requires a specially equipped repair 
shop for making extensive repairs 
or rebuilding the equipment. 





The seventy-four industrial works 
that are embraced in this report 
were chosen among those that rep- 
resent large area, devoted to pro- 
duction processes and show a pride 
in good operating methods and good 
products. They range in size from 
4,500 motors with a total rating of 
45,000 hp. and use 11,000,000 kw.- 
hr. per year in electrical energy, to 
rather small plants where the nature 
of the product requires a relatively 
small amount of power. There are 
thirty-one plants in the group that 
use. over one million kw-hr. per 
year, which will be called in this 
article the class A division. There 
are eleven that use over 500,000 kw.- 
hr. and will be called the class B 
division. Those that use less than 
500,000 kw.-hr. will be called the 
class C division. The works all to- 
gether represent a total installation 
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How Maintenance of Electrical and Associated 
Mechanical Systems Is Handled in 74 Works 


AN INTERPRETATION of the figures and statements 
is given on pages 27, 30, 31 and 36 under the following 
headings: 
organizations, numbers of men in inspection crews, 
frequency of inspection and overhauling, amount of 


IN THIS TABLE an analysis is presented of the main- 
tenance, repair and stock-keeping practices of indus- 
trial works that cover a large floor area with electric 
service in all departments and also operate cranes, 
conveyors, elevators and material handling equipment. 


Motor failures, repair and inspection 































































































Power CONNECTED MOTORS LAMPS MOTOR FAILURES Repair 
Used Dept. 
ssi s 
% xs ‘3 
ei* 4 . $ z= {8 
‘. a 2 = S$ £3 & 
P 5 - | Dist 35 S18 i] sie = © 5a] 8 
Z, ” o = fal Pie) «oF rie (CE ~~ SSE] > 
; GENERAL é S ~ y “4 =z Bos J 5 5 = = a8 & = 
_ a" q Q o> heat tg Bs] 5 eo ISS 8 Sow 
=| propucts | © |=|<] |4/lalr| 428 g |< (ees - g$3] 3 
= = s|= je] & | sl Blssl sss s}s | s |] Sis4 O38 S85] = 
ra¥ MADE = 18le3]2)]5 |] S| SIRE Se e] 2] 3 | 3/88 S38 Nn 
= sis = ~ BE See § S & | ‘3)/s& Ris <& 
io Fic. i= 14 isliage Ss zl<leleis S S iS 
| 
| BRASS AND BRONZE 
| PRODUCTS 
1} Plumbing and gas goods....... 1,800,000 | 174) 1230} 440 | A.C. | 40 | 1/6} 85] 141b, 1c, 32d. | 1600 60 | 2000 | 14 | 14 |Starting coil burned out on single 
| ; ‘ DNMNS 505 saan Pen oman Partly | Yes 
2} Grease cups, oiling devices... .. 199,000 | 17 | 850} 220) AC. | 75]14)| 31] 9b, 8d. Se) RO Qe oo sah cence seects seca oe oe No | No 
3] Cast brass, bronze, aluminum..}.......... 14] 190] 220] A.C. | 20/144] 6 14b. 160 60 £0132 1 © [Worm bears... <..-..0.60.02 Yes No 
4| Brassandsilver pensand pencils} 710,400 {172 | 1557 | 220 | A.C. }200 | % |100 | 140b, 32d. 1466 ("S00 1058 | 24 | 5 |Small motor on direct drive....... No | No 
5|Brick and tile.................. 432,000 | 8| 365 | 460] A.C. | 2501 7] 01} 5b, 2c, 1d. SiS RS ary Seer een ee e.| No | No 
ee a een 420,000 | 12 345 | 440 | A.C. |150 5| 0 6b, 5d, le. 100 40 100 4 2 |Dirt and worn bearings......... No No 
7|Cement, white portland......... 3,000,000 | 39 | 1480 | 440 | A.C. ]150 | 2] 2 29b, 7c. 450 60 | 900 | Few] 3 |Bearing, fuse or breaker failing....] Yes No 
SL a, (een eee 72 | 1020 | 220} A.C. | 40 | 1%4 | 20 72b. 600 40 700} 1 1 A MGUMCRIING «5s ' 0 3 F055 <2 455 Partly | Yes 
9/Coal mining, bituminous........ 4,350,000 |325 | 2000{| 2200 7 2001 36 1100 |... coca scene 4000 _) Pee 300 |125 |Bearings, oil dust............... * Yes No 
{| 440 | A.C. |) 
{| 250 | D.C. || 
10|Coal mining, bituminous........| 600,000 | 14] 441 ]......]...... 300 |.... BA. ~ Scxasmede sss edo. es 5 | 1 |Grease, low voltage............. No | No 
11/Coal mining, bituminous........].......... 14] 250] 250] D.C.| 50} 2] 4 12d. 75 py Coe xt MBE c coos ee ce oemee ean ce No | No 
12/Copper smelting................ 500,000 | 18 | 444 3 A.C. 150} 5 | 0 SRE ye MEPS OR ECE se cidsd ich dens awe hod asa ahastiiesaakesuwhanteeeee Yes | No 
13/Electric generators, turbines, Mot- : ; 
ors and small products........ 11,000,000 {4500} 45,000} 600 | A.C. 7) | PSS PES area .|Metal chips and cuttingliquid....} Yes | Yes 
14|Electric generators, turbines, Mot- 
ors and small products........].......... 975} 4,500] 230 | D.C. |300 | 14 |400 |465b, 40c, 468d.|......]------]...... 15 B POMEMORUB |. .ccachecGucsscntoes Yes | Yes 
15|Electric generators, turbines, Mot- - : 
ors and small products........ 960,000 161 | 1,250} 220 | A.C. |150 {1/6 | 20 | 100b, 61d. 1400 86 | 1700 | 8 | 2 |Single phasing................. Yes | Yes 
16/Electric generators, turbines, Mot- \ 110) 
ors and small products........ f 240,000 | 120; 350]\ 220/] A.C. | 20 |1/10} 90 90b, 30d. 570 |50-100) 1200 | 4] 2 |Probably overloads............. Partly |Some 
17/|Electric generators, turbines, Mot- i : : a 
ors and small products. ....... 120,000 | 125} 500} 220 | Both | 100/1/6 | 90 | 70b, 1c, 44d. 275 75 M25) 27) de. 1Dirtand Ol... oss dases Sac Yes | Yes 
18|Electriclifting magnetsand meters} 85,000 | 24 is | i ~ ace \30 | 14 12b, 12d. RIG eNO 1 BNO) Dil essa s00 vas. suwsceeeartveed Partly| Yes 
19| Electric motor-generators........ 26,000 | 8 42 Wi 134 | 5 8b. 36 | 100 12 | | 0 Jee e ccc cecnccsccccccececesores Yes | Yes 
20|Flectric meters.............+..: 75,000 | 30 | 500\} 440] A.C. 1/30 | 34 |....]............0.[eceee: 4 aoe Oe Mibu cageitetieraesvetacks No | No 
21|Fertilizer, commercial........... 291,200 | 25 | 585 | 220] A.C. /125} 5] O].............. OR a Je ee a Bee ern Eieareves se No | No 
22|Fruit cannery (total of 6 plants)§..| 155,000 | 98 | 485 | 220 | A.C. | 20 |1/6 | 48 90b, 8d 1208 |50-75) 585 | 2 2 |Lightning and short circuit...... No | No 
IRON AND STEEL 
PRODUCTS 
lg ae eS Re ye ereee, (RAReRar ens 16] 570 | 220/} D.C.| 50} 3] 3 4b, 12d. 380 |50-300) $600 | 50 | 6 |Oil creepage with coke dust...... Yes | No 
i 113,700 | 49 719 230 | D.C. 1225 | 44 | 82: 1..... 2.6.0.0. 270 300 90 190) RS ORR o.oo oo cic ds oeatck Yes No 
25) Hoists, #locomotives, coal and : 

cement machinery, fans. .... 1,000,950 |208 | 2950 | 440 | A.C. 1225 | 14 | 32 |.............. 980 | 200 | 245 | 54 | 22 Grounds and oil...... ce asmones Yes | No 
26] Steel plates.................. 7,981,441 |726 | 16,172} 250 | D.C. |200 | 1% |150 | mostly d 2090 | 200 | 4971 |400 | 60 |Oil, defective insulation, mech. 

; failures, OVETIORGS. 0.00.05. Yes | No 
27) Bheel CAME... 2s. -000 00088 7,218,774 |391 | 7340 | 240 | D.C. |100 | 14 | 37 BGGRS  Siluxacxalsknans 8587 |105 | 42 |Shorts in commutator, grounds...| Yes | No 
28] Steel castings. ............5. 3,996,000 | 7. 630 | 220 | A.C. |150 [| 14 |... 26. 064. .4-.0x58 50-200} .$350 1/5 |Worn bearings, A.C., Oil, D.C...| Yes | No 
29] Castings, machinery.......... 2,000,000 {140 | 2391 | 440 | A.C. |225 | 14 | 30] 5b, 1c, 134d. | 628 | 200 | 1250 | 82 | 17 |Grounds....................... Yes | Yes 
30} Locomotive stokers and coal ‘ 

SNe: 721,000 |120 | 1200 | 220 | A.C. |100 | % |....] 110b, 1c, 9d. 900 | 100 | 700 ]....| 6 {Cleaning neglected............. No | No 
tie SS ee ee ree 1,400,000 {1000} 8825 440 | A.C. |150 |1/6 |600 |790b, 20c, 190d.| 10,000 40 | 15,000)150 | 90 Burn OUIB. «0. ons sos onse's sees Yes No 
32| Automobile frames............ 2,448,000 |281 | 4049 | 440 | A.C. {150 | 14 | 90 | 210b,5c,66d. | 2130 | 200 | 1200 | 25 | 5 |Single phasing, fumes........... Yes'| Yes 
33] Valves, pipe fittings, ete....... 5,000,000 |233 | 3268 | 220 | D.C. |720 |1/10}100 |156b, 2c, 75d. | 3400 75 | 7500 | 3 | 2 |Overload, commutator &iron dust} Yes | Yes 
Bae ME RINE. oo cao ncccunes 120,000 | 13 297 220 | A.C. | 50 1 2 10b, 3d. 200 | 50-75 | 144 0 hh 4 er eee No No 
35} Nuts and bolts............... 2,048,000 |330 | 3698 | 220 | A.C. |200 | % ]....].............. 2570 60 | 5098 |100 | 24 |Insulation failure............... No No 

230 | D.C. } 200 to 
36} Auto ana bicycle accessories. . .| 3,400,000 {200 | 3000\; 440 | A.C. |/100} 14 | 50 | 150b, 3¢,47d. | 800] 500 ]..... paiisils So cha seicemiccts ais oiarld ein onieis w'uis- oes Partly} No 
37| Riflles and pistols............ 900,000 |275 | 2500 | 220] A.C. {150 | 14 | 12 275b. 600 60 Re ee eS er eee 1Yes | Yes 
ne ee ee ae 375,000 | 75 443 230 | A.C. | 50 | % | 30 65b, 10d. 1400 |40 - 75} 2400 0 Ee Pe ste eecccceccccscccscssosieccese No 
DUM UID G53. cwwowkewncceestessameacee 38 | 662/ 4 a es 1] 9 35b, 3d. 520 50 | 250] 37] 1 [Insulation failure............... Partly} No 
1 .C, 
eT eer 1,948,400 | 98 | 1477 | 550] A.C. | 65 | 14 | 16 | 58b, 34c, 6d. |...... 50 | 1784 |....] 1 |Moisture, hot bearing............| Partly} No 
41|Leather, heavy upper........... 1,500,000 }150 | 700 | 440] A.C. | 75 | 14 |....] 37b, 110c,3d. | 500} 100] 500] 8] 8 |Moisture...................... Neo wd} No 
42|Leather shoes, women’s and 

SUMO i dnkas 6s ones sacks 415,000 118 | 205 | 220] A.C. | 20] % |100 | 25c, 38g, 55d.| 700 40 | 750 OD FWorn BOAT: oy 655.< ck veensi ck No wd} No 

43|\Leather boots and shoes......... 360,000 | 40 325 550 | A.C. | 30 | 14 | 21 BR, BOOS: Be iwc alaxs sss 300 DOs wits [Ach ib las ea sees < No No 
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maintenance stock, and responsibility for maintenance, 
production and non-interruption of service. The data 
in the tables has been compiled from individual 
reports from seventy-four companies in a wide variety 
of industries. 

In some cases special reference was made in the reports 
received to details of practices or explanations offered 
covering the figures given. The following notes ex- 
plain such items and bear marks in the table corre- 
sponding with the small reference figures shown here: 


* In some cases these figures have been estimated. 


1 No heavy equipment repaired. 
2 Machine operator is responsible. 
3 Locomotive motors. 

4 Magnet Wire. 


5 Keep one month’s supply of all materials. 
6 Total of figures for six plants each having from 51 h. p. to 100 


h. p. installed in motors. 
7 Surplus from war time. 
8 Safety inspectors only. 
9 1,000 links and 100 refillable fuses. 
10 No rewinding done. 


11 Two complete bearings per motor kept in stock. 











MAINTENANCE SUPPLIES KEPT IN STOCK 


RESPONSIBILITY 
FOR 
MAINTENANCE 
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Lamps 
Reflectors 
Belts 
Pulleys 
Chains 
Gears 
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This Table is continued from pages 28 and 29 
Repair 

Power CONNECTED MOTORS LAMPS MOTOR FAILURES mem 
Used Dept. 
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Se 
3 ~} OM 
| 8 
«| t zy ; eis 

. 7) & ‘3.8 = S S S *s 
S £ | § =| else] 88 S| | = seg] ® 
4| GENERAL : |s S|] "] [Sx] 8 <i Slate 5 go8| 2 

: : Sis Se R SIRS 3.8 
=| PRODUCTS ; ie ® A |g] alex § 21. 14s 3 <es] 5 
© E |[slx lel] sisi elssl ae s|2/]s] sizes b3 SS] 3 
a. MADE = 4)/2/8]o | 8|/S/R8! Se 2) 5] 3/8/82 a Say] 5 
= s}si3Si]-/s~es| = s/s] § | 3/85 38 o<8} 5 
<3 Z2i18 > zz}! ale ~. = x ce !' IS iS) a Q 
44 Leather, substitute heeling and { 2500 ; 

__ PERE S Puri regard 809,000 9 375 aoe rw 300 |7% 0 8b, 1d. 30 |200-50 75 0 D4 co sasknwseseeeessnesesansabees No No 
45|Lumber, sash, doors, boxes. . ... 3,000,000 |247 64sal 220 AC. 150| 14 |....] 210b, le, 46d. |...... 50-400] 2000 | 0 | 0 [Clutch failure, left in starting pos.. | Partly) No 
46|Lumber, all kinds.............. 488,670 | 23 | 525 | 440 AC. 150| 2] 2 22b, 1g 96 60 75 | 1% | % |Overload and vertical drive...... No | No 
ert eee: 1 fe Pepe NGS be Be BS een 500 50 | 200] 2 /1/15|Overload..................5+0. No wd| No 
48] Meat products................. 300,000 | 50 | 375 | 220) D.C.| 25 | % | 25] 12b, 3c, 35d. | 2000 Ut A BG SE NEO eileen esas besaos.ene No No 
49] Meat, slaughtering............. 750,000 | 15 | 350} 220] A.C. 125] 2] 3 11b, 1c, 3d. | 500 7 Rg ey errr No | No 
SE CO oe Sec iaa se obeek sie 4,572,000 | 86 | 1915 550 | A.C. 1400 | 4 | 35 67h, 19d. 1400 | 25-60 | 5000 2 Se eee ee Partly} No 
51|Paper, fine writing.............. 1,700,000 | 28 | 806} 600] A.C. ]100/ 5] 0 oe | a, Pe. Eee”, aS 2/5 |2/5 | Dirt, oil, chemicals and water....|No wd} No 
SIE RUE. sv cicwccccsues 960,000 | 10 | 428 = i. 200 | %]| 3 9b, 1d. 125 Sf ae Few} 0 |Wear of fingers in starters....... No No 
53|Paper, rope and jute............ 652, 18 | 200] 220] A.C. |100 | 4] 4 4 290 J) (ee IE RRs Sree its pena Beea sites ie No No 
SS See 1,096,000 | 54 |1100 230 | D.C.| 60 | %]....] _48b, 6d. 1100 40 | 800 |1/3 | 14 |Detoriation of insulation........ No | Yes 
55|Railroad shop.................. 1,070,060 {204 | 2555 | 230 | D.C. |100 {1/5 | 30 | 67b, 14c, 123d.] 18,000} 60 | 25,000] 20 | 6 |Grounded coils and power fluctuate} Yes | Yes 
56|Rubber tires......... cine rueer 1,800,000 | 50 | 1650 | 440 | A.C. |600 | 44 ].... 15b, 3c. 500} 100] 800] 11] 1 [Overload...............2...00. No | No 
57|Rubber tires and other products. .| 1,322,000 | 29 ~_ pod a \250 1/30} 16 | 21b, 1c, 7d. 244 | 100 Si 421 1 [Wort Rear. «0 ....020600.55005 No | No 
58] Rubber tires and tubes.......... 400,000 | 15 | 385 ]..... D.C. |150 14 | 6] 6b, 2c, 9d. cop 270 fT Bl SWORN ON... 5060 ..ess crs ocacs No | No 
59]Rubber boots, shoes and clothing|.......... 93 1350/ 4 A.C. [500 {1/10 85b, 8d. 2000 40 | 2000 | 3 | ee eee eee te No No 
NE OIE IB isn sc sncies osecdbdnwesance 200 1400) a A.C. |100 | % | 87 | 130b, 7c, 63d. | 500 OD's 326 1-20 1 20 TOW VONARD. o5. oc cscccceccsees No No 

TEXTILES ne 

61| Catton goods..............-. 8,000,000 |950 oat 5530 A.C. |200 | 1% }350 |.............. 10,000} 50-75 |...... 10 | 10 |Wear on windings.............. Yes | No 

RSl SPE, 6. cs id ocveccce 2,250,000 | 28 — Pe on BOs Bh Oa sncsssweteosey 1000 {25-100} 750} 0] 0 |Lightning and surges............ M’tly | No 

ole oe ere 2,048,410 | 38 ]...... 440 | A.C. {100 | 3] 51] 6b, 25¢c, 7d 427 |40-100} 275] 1 BE ORTINES WORD. oy oo cicceaeeseced No No 

64] Woolen goods...............- 544,000 | 63 | 500 | 240 | A.C. | 15 1 4] 58h, Ie, 4d 1000 {50-400} 300] 2 | 14 |Worn bearings, flyings.......... No No 

oe SS eee 580,000 1576 | 650 | 220} A.C. | 20 |1/40]515 | 1c, 500d 2576 60 | 1160 | 17 | 6 |Overload due to faulty adjustment] Yes | Yes 

Gl Ree, OEE... cose ccccns.0ee 68,300 |149 60 220 | A.C. 1 {1/3 {140 20b, 120d. 350 40 le eo ees |r oo ec e n Partly} No 

67|Tobacco, plug and cut.......... 180,000 | 26 252 440 | A.C. | 20] 14 2 26b. 500 75 100} 0 LL SE ee eerie er aera No No 

68|Electric generators and motors. ..| 8,720,000 |3500 — ry Ve 700 }1/50 mm = on 75 |17000 |2000/200 ee and grounded con. andj] Yes | Yes 

A.C. SEMEN. cnh oo seacsocneea 

69] Yarn and cloth................. 29,000,000 {1577 sing 2 cs Sees Ghee okay (alee (diamant: 13,000} 60] 1300 | Few] Few|Lightning..................... Yes | Yes 

70|Building materials.............. 2,184,000 |466 _— 110 Ine 00 Pe 8 GO Basecccssecesve 6000 60 | 1200 | 12 | 2 |Poor machine operation......... Yes | Yes 
(| 440 |} 

71|Electric trucks................. 450,000 |407 | 2400 | 440] A.C. |400 | 14 | 73 |450b, 100c, 82d} 1875 | 200} 600] 30] 10 |Dustand dirt.................. Yes | Yes 

PEON. ne is nasscscaunne 4,660,600 | 81 | 1821 { 4 eG: 7 YY 8 All b. 810 100 | 1050 | 2 | Few|Low voltage and overloads...... No No 
| 5 a. 

73|Floor and wall tile:............. 450,000 | 92 708 on iA ce ee Be | ” cae ; 600 60 | 500] 14] 4 |Low voltage................... Yes | No 
| r 70 , 7, 

DREN 2 eh ecneuscscteuscecsae 1,200,000 |649 | 18774] 220 |{A.C. 100 |1/10}560\ 5%d. {6000 25 | 2500! 5] 1 |Bearings and grounds........... No wd} No 

































































of 209,925 hp. in 21,244 motors that 
use over 147,000,000 kw.-hr. of elec- 
trical energy per year. The average 
consumption per plant is about 
2,000,000 kw.-hr. and the average 
consumption per installed horse- 
power is about 700 kw.-hr. Thirty- 
five of the plants have over 1,000 hp. 
installed in motors. 

Motor Failures—Of the causes 
for motor failures, worn bearings 
and moisture were responsible for 
the largest share on alternating-cur- 
rent motors. On such machines the 
causes of failures were reported as 
follows: Worn bearings, 12; mois- 


ture, 5; oil, 1; chemicals, 1; fumes, 
1; dirt, 6; overload, 5; fuse blown 


on one-phase (single-phasing), 3; 
grounds, 6; starter fingers burned, 
1. On direct-current machines, oil 
and commutator troubles caused 
eight failures; overloads, 3; 
grounds, 3; dust, 1. Out of 1,534 
failures, 504 motors required re- 
winding. The highest percentage of 
failures was 50 on 16 motors in a 
pig-iron furnace company which is 
plant No. 23 in the table. The mo- 
tors are 220-volt, direct-current. Oil 
creepage and coke dust are respon- 
sible for the large number of fail- 
ures. Due to the difficulty of oper- 
ating under such conditions, the 
equipment in this plant is inspected 
twice a day. Next to this record 


comes a failure of 300 in 325 motors 
in a coal mine which is No. 9 in the 
table. These failures were on 220- 
volt and 440-volt alternating-current 
motors and on 250-volt direct-cur- 
rent locomotive motors. They were 
caused by worn bearings, oil and 
dust. Another case shows 82 out of 
140, alternating-current, 440-volt 
motors in a plant for iron and steel 
castings and machinery reported as 
No. 29 in the table. This was in 
spite of daily inspection by fire in- 
spectors. Several of the plants mak- 
ing heavier iron and steel products 
showed a large percentage of fail- 
ure which reflects the particular con- 
ditions in these plants. A meat- 
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See explanatory notes on page 29 
INSPECTION | OVER RESPONSIBILITY 
WORK HAUL’NG MAINTENANCE SUPPLIES KEPT IN STOCK FOR 
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2 | UR) PP Cree ee emer Pures As needed | Some 100 |.../50 | 101b. 1/5 | Small stock | 200 | 350 {100 ]..... 7 eee coe Electrician Supt 
0 | Daily] 26 |...... 1 TS renee MENCOUON Po ccas 2sleeceeve vas 20 110 | 6b. |1/5 200’ 4 ea. 200 | 3 j5ea.| O /links] 0 No title Yes. 
2 : i: ae 1 Naa Creare As needed} 500 |Set pr. mo.} 0 [25 | 100 Ib. [3/5 1800 2000 | 1000 | 50] 0 0 0 | Mgr. of Maint. Mgr. of Prod. 
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Mast. Mech. 
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r 
3 1 Pe ies oses Be daca J EER (Oe ees) (rae Earl) Ee CGN kee AA es a es en eee Ae Mast. Mech. |............ee00- 
4 1 be Bt heat cases || ESE (Eee (RPE AER (fe Sa OO RONB  2cc lors casiewar Specie nes 500 | 0O]..... 25} 3 0 Supt. Yes. 
1/1&4 0 0 ra ree eee As needed } Little |1 extra set |100/10 | 3 Ib Small supply }...... eee Ob OF ccs. a eee No title Yes. 
6 1 Do dicceasheosses 2 mo. | As needed | 5000’ 24 0 {S5lb] 201b 1 500 $200 18200) 1200 fF iaccchowscedses.e WP Poe cncnaktangesdet Re unenenencewdianda 
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3 1 ee ee (eer Y'rly Spring Little 9 Sets ay a Ay eee) Seems . 400 50 |. Spey ce | ene Chief Elect. Supt. 
1 1 ie reer Ee eer As needed 0 0 500; 20} 12 2 0 100} 100} 0} 0 0 4150’ | 50 Mast. Mech. Yes [ 
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packing plant had 25 failures in 50, 
direct-current, 220-volt motors, 
caused chiefly by moisture. 

Repair and Inspection Depart- 
ments. — Some interesting figures 
were reported regarding repair and 
inspection departments. The com- 
panies were asked for details of 
attention paid to motors, control 
equipment, belts, chains, gears, 
pulleys, and material-handling equip- 
ment including cranes, storage-bat- 
tery trucks, electric hoists, convey- 
ors. ‘Twenty-seven companies said 
they repair and rewind all electrical 


and mechanical equipment such as. 


mentioned. Sixteen companies have 
a repair department for part of their 


spection crew or make daily inspec- 
tions. These seven make inspections 
at regular intervals as follows: Nos. 
40 and 48, weekly; No. 2, monthly; 
No. 66, every 3 months; Nos. 1 and 
5, yearly, and No. 11, never. 
Number of Men in Inspection 
Crews.—Although the size of the 
inspection crews varies widely to 
meet different conditions, the aver- 
age number of inspectors for plants 
of different sizes is variable. By 
careful estimating on all the plants 
it was found that on an average one 
man could handle the inspection 
work in a plant having 300 hp. in 
motors; two men, 600 hp.; three 
(Continued on page 36) 


equipment; that which is not regu- 
larly repaired by the plant force is 
usually of large rating. Nineteen 
of the companies make their own mo- 
tor coils. Fifty-six companies have 
regular inspection crews totaling 
155 men. In the plants of the Class 
A division, all but one conduct reg- 
ular inspections. In this one plant 
the machines have individual motor 
drives and the machine operators are 
responsible for their operation. 
Three of the plants in Class A divi- 
sion have no inspection crews as 
such but motors are inspected daily 
in two of them and weekly in the 
other. All the other plants, except- 


ing seven, either have a regular in- 
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Comments on Maintenance Work by 
Readers of Industrial Engineer 


Readers of INpusTRIAL ENGINEER in large works of a wide range of 
industries, where maintenance of equipment and power service takes 


on a variety of aspects, were asked the following questions. 


Their 


replies are tabulated below under headings corresponding to these 


questions: 

Question No. 1. From your own ex- 
perience what equipment is most often 
neglected or abused by an operating 
organization? 

Question No. 2. In what depart- 
ments of a plant or on what equipment 
can inspectors and maintenance men 
show the greatest saving? 

Question No. 3. (a) Is the largest 
amount of maintenance work in your 
plant on mechanical or electrical equip- 


ment? (b) For industrial plants in gen- 
eral how does the general maintenance 
on mechanical equipment compare with 
that on electrical equipment? 


Question No. 4. Check the following 
subjects that require the largest amount 
of the maintenance man’s time as a 
general rule: Motors; control equipment; 
elevators; cranes; conveyors; lighting; 
tactory call systems; mention any others 
and indicate order of importance. 


Question No. 5. It you were required 
to check up the saving which can be 
shown by adequate inspection, general 
maintenance and overhauling of plant 
equipment, both: mechanical and elec- 
trical, which of the following items 
would you consider the most important? 

(a) Saving through prevention of 
costly breakdowns. 

(b) Saving of spoiled material 
through fewer interruptions of pro- 
cesses. 

(c) Saving shown by increased plant 
production through keeping work con- 
stantly moving and in process on ma- 
chines with shutdowns at a minimum. 

(d) Saving in life of equipment and 
fewer failures through inspections. 





















































































































































































































































































































































— Question No. 1 Question No. 2 Question No. 3 Question No. 4 Question No. 5 
1 Rubber Mills — mills and calen-| Mechanical Motors Item (d) 
| ers 
2 | Power plant by failure to} Departments continuously] (a) Mechanical Elevators, cranes, convey-| Jtem (d) first, 
| make necessary addi- in operation (b) Mechanical about ors and lighiing item (a) second 
tions 25% greater than elec- ; 
trical 
| 
<3 That most easily abused D. C. motors It depends upon equip-| Elevators and cranes Item (b) 
H ment used ' 
4 Manual motor control Equipment where several] (a) Mechanical Control and lighting Item (d) 
machines operate in} (b) Most on mechanical 
train ; 
5 Lighting most neglected Motor inspection 50% (a) and (b) about 50-50 Motors 25%; control20%;} Item (a) first: (d) second: 
Safety inspection 50% elevators 15%; lighting (c) third; (b) fourth 
20%; factory call sys : 
tems 5%; fire alarm sys- 
tems 5% and general 
10% 
| 6 Motors, bearings, oiling} Mechanical Motors, control, elevators] [tem (c) first; 
| and cleaning and lighting item (d) second 
7 Electrical Electrical and mechanical] (a) and (b) about 50-50 Motors, control, cranes,} Ttems (d) and (a) 
conveyors 
8 Motors and lights Electrical Motors, lighting, factory! [tem (a) first: 
a7 call systems others important 
9 | Power and lighting equip-| In repairs to prevent a] Mechanical and electrical] Sameasanswer to Question] Items (a) and (c) 
ment shutdown about 50-50 0. 1 
10 | Saw mills in lumber plants} Planing mill and shipping} Mechanical 24; electrical] Control and cranes Item (c) 
departments 4 
11 Electrical Electrical—when one unit} (a) and (b) about 50-50 Keeping dirt out of d) first: 
shuts down 15 to 20 (a) motors; checking oil- pao CS) Sees Gc) Seed 
men are idle ing; repairing com- 
pensators 
| 12 Motors and bearings Controllers, brushes and] (a) Mechanical; (b) neg-| Motors when abused and (d) makes (a) possible and 
commutators lect of mechanical re- neglected, control, (b) and (c) are taken 
pairs may be cause of cranes care of by observance 
electrical troubles of (a) and (d) 
13 Motors are most abused] Mechanical department (a) Mechanical; (b) me-| Motors Item (c) 
in lumber mills chanical costs are high- 
est 
14 Mechanical drives By changing to electric] (a) Mechanical; (b) about] Conveyor chains, motors,| Items (d) and (a) 
drives 50-50 bearings, belts, com- 
pensators 
15 Power plant Prime movers (a) Mechanical; (b) 50%] Control Items (a) and (c) 
more than electrical 
16 Mechanical equipment Preparing or wood depart-| (a) Mechanical; (b) 5 to] Control, conveyors, belt-| Item (a) first; (c) second; 
ment in paper mill 10 times more than} ing and pumps (d) third “i 
electrical 
17 Motors and control Motors (a) Mechanical Motors, control, lighting,} Item (c) 
factory call system 
18 Electrical equipment Electrical neglect may be} (a) Mechanical; (b) elec-]| Motors, control and light-} Item (c) first; (a) second; 
more far reaching than trical not as expensive] ing (d) third; (b) fourth 
mechanical neglect 
19 Electrical equipment Motors, shafting and belts Motors, control, lighting | Item (d) 
20 Motors from overloads Motors and control (a) Mechanical Motors and control Item (d) first; (a) second 
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Continuation of Comments on Maintenance Work on Page 32 








Reply 
No. 


Question No. 1 


Question No. 2 





Question No. 3 


Question No. 4 


Question No. 5 











~ 2b 


Electrical equipment 


Cranes, motors and control 


(a) Mechanical; (b) 30 to 
40% more than elec- 
trical 


Motors, 
lighting 


control, cranes’ 


Item (c) 
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Conveyors and_ bucket 
carriers in cement mills 


Material handling equip- 
ment 


50% of repairs chargeable 
to elevation and con- 
veying 
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Electrical equipment 





Motors and starters 


(a) Mechanical; (b) me- 
chanical 75%; electri- 
cal 25% 


Control, starters, cranes, 
conveyors, elevators 


Item (d) first; (a) second 
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Electrical equipment both 
neglected and abused 
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Key motors such as ele- 
vators and conveyors 
carrying materials from 
or to departments 


(a) Mechanical; (b) higher 
on electrical in propor- 
tion to machinery used 


Conveyors, grinding mills, 
elevators, motors, con- 
trol, lighting 


(b), 
to 


Item (c) first; (a), 
and (d) important 
get the (c) result 








Production machinery 
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Machining departments 








Motor starters 
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Electrical and mechanical 
equipment 





Motors 
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Power plant 


(a) Mechanical; (b) greater} Replacing belts, motors,} Item (d) 
care is given mechanical cranes, conveyors, light- 
ing 
(a) Mechanical; (b) about} Control, lighting Item (c) 


two to one 





(a) Mechanicai 


Motors, control, elevators 


Item (c) first; (b) second; 
(a) third; (d) fourth 








Mechanical equipment 
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(a) Electrical 


Motors, control, elevators 


Items (d) and (a) 








Production machinery 
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Electrical control 


(a) Mechanical; (b) me- 
chanical two to three 
times more 


Control on cranes 


Item (d) first; (c) second 








Electrical equipment 





Steam plant 


(a) Mechanical; (b) me- 
chanical two to one 


Lighting, motors 


Item (d) makes savings 
in (a), (b) and (c) 
possible 








Electrical equipment 
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Electrical ahd mechanical 


(a) Mechanical; (b) three 
electricians against 26 
mechanics 


Motors 


Item (c) 








All pumps 
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In handling belts 


(a) Mechanical; (b) elec- 
trical 75% of mechani- 
cal cost 


All machinery breakdowns 
and belt repairs 








Machine tools and drives 





Mechanical 





Electrical and mechanicél 
both neglected and 
abused 
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Machinery, shafting and 
pulleys 


(a) Mechanical 


Control, elevators, motors, 
conveyors, factory call 
and fire alarm systems 


Item (a); also importance 
of carrying repair parts 





(a) Mechanical 


Inspect ail electrical equip- 
ment 








Lighting shamefully ne- 
glected 











Maintenance of protective 
devices 











Electrical 











Automatic control 
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trical equipment kept 
in better condition 


Control equipment on| (a) Mechanical depart-} Control, elevators andj Item (a) 
drives frequently started ment has 35 men; (b) lighting 
electrical department 
has 5 men on mainte- 
nance . 
Inspection of electrical] (a) and (b) about 50-50 Motors and lighting Item (d) makes savings of 
equipment (a), (b) and (c) possible 
Lubrication of bearings (a) Mechanical 70%; Motors, elevators, con-| Item (d) and (c) 
(b) electrical 30% veyors 
D. C. Motors (a) Mechanical; (b) elec-}| Motors Item (d) 








Mechanical neglected — 
electrical abused 





40 





Mechanical 


(a) and (b) about 50-50 


Motors 50%; control 20%: 
elevators 5%; conveyors 
10%; lighting 14%; fac- 
tory call %%; fire 
alarm %4% 


Items (a) and (c) 








Equipment used by sev- 
eral operators 


Group drives 











Mechanical 





Motors in summer, motors 
and lighting in winter 





Items (c), (a) and (d) 











James Foster, 











Electrical Superin- 


While the answers to the questions 
asked vary according to the char- 
acter of mechanical and electrical 
equipment operated, they indicate in 
a very definite way the kind of 
thinking that is given to works 
maintenance from all standpoints. 
Answers to questions Nos. 1, 2, 3 
and 4 are for the most part self 
explanatory. An interesting varia- 
tion of opinion is shown, however, 
in the answers to question No. 5. 
Of the 40 replies, seventeen give 
first place to division (d) of ques- 
tion No. 5; ten to division (c) ; eight 


to division (a) and one to division 
(b). Also eleven replies mention 
combinations of divisions (a) and 
(d). The significance of these eleven 
replies is that they represent works 
where inspection and general main- 
tenance work is well organized. The 
replies that give first place to divi- 
sion (c) are those where production 
is carried on in a progressive chain 
or on groups of equipment. 

The following comments supple- 
ment the replies in the table and 
bring out some additional details of 
maintenance work. 





tendent, L. D. Leach & Company, Cairo, 
Ill., states that his company is engaged 
in the manufacture of oak flooring and 
lumber of interior finish dimensions. 
The electrical equipment consists of 60 
motors with a connected horsepower of 
1020 and a 150-kw., 220-volt, 60-cycle 
generator. The generator load is car- 
ried at unity power factor by driving 
a large fan on a dust collecting system 
with a 150-hp. synchronous motor. The 
average daily load of the plant is 3800 
kw. hrs. and energy is purchased with 
an arrangement provided so that all 
feeders can use either source of power 
by manipulating double-throw switches. 
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Mr. Foster says that his experience 
has indicated that the electrical end 
of factory equipment is more abused 
than any other, owing to the use of 
transient and common labor in operat- 
ing machines. He believes that the 
maintenance man can show the great- 
est saving in the electrical department 
since delays in production caused by 
shutting down to change bearings or 
compensator parts is very expensive. 
When one unit is shut down from 15 
to 20 men are idle. The largest amount 
of the maintenance man’s time is taken 
in keeping dust and dirt from the mo- 
tors, checking the oiling system and 
repairing compensators. 

In reference to the question on sav- 
ing shown by adequate inspection, 
maintenance and overhauling of plant 
equipment, Mr. Foster states that since 
production is essential in the plant, 
adequate inspection results in increased 
and continuous production. Constant 
vigilant inspection is maintained on 
all apparatus, consequently little de- 
fects are caught before they can de- 
velop into a cause for breakdown. All 
reports are investigated and repairs 
made on the night following the daily 
report. An adequate supply of bear- 
ings, coils and compensator parts is 
maintained at all times. The mainte- 
nance work is taken care of by the 
electrical superintendent, one electri- 
cian and one inspector. 

F. G. Bonn, Chief Electrician, Ham- 
mond Cedar Company, Hammond, B. 
C., Canada, makes the following com- 
ments in addition to answering the 
maintenance questions referred to in 
the accompanying table: 

“When I came to this lumber plant 
everything was steam driven. Now 
nine-tenths of the mill is motor-driven; 
in fact, everything but the head saw 
and log haul. Where we have gained 
is in room, as the many shafts and 
counter-shafts with belts and gears 
took up much space below the floor. 
The first installment cost has been 
quite high. It figured about $18 per 
horsepower, but considering the enor- 
mous saving on belts, oil and leather, 
we can say that the change soon paid 
for itself. Furthermore, we can run 
part of the plant without interfering 
with the other now. 

“Question No. 3—The maintenance 
on mechanical equipment is still higher 
than the electrical equipment, but I 
believe it will soon run 50-50. I in- 
clude in electrical equipment lights 
and alarms. The mechanical mainte- 
nance man has to spend a good deal 
of his time on conveyor-chain repair, 
but this has been considerably im- 
proved by putting all conveyor chains 
on one standard and by making the 
links in our own shop. We are using 
a chain with 10-in. pitch and 10-in. 
width throughout. About 50 per cent 
of the time of maintenance men is spent 
on motor troubles which are 70 per 
cent caused by bearing trouble, often 
through too tight belts. That is why 
we put in as many direct drives 


through flexible couplings as possible. national 
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About 40 per cent of the.time is spent 
on compensators, as the points are 
often badly burned by incorrect start- 
ing. About 10 per cent is spent on 
lights and alarm equipment. 

“TI believe we save most through pre- 
ventions of breakdowns and shutdowns 
by our regular inspections. Some parts, 
as carriages and some conveyor chains, 
are daily inspected; other parts weekly 
and some monthly. This also applies 
to the electrical equipment. For the 
electrical department I keep a record 
of all repair work with the time. From 
these records I have been able to tell 
how often I look at certain compen- 
sators. Motors with belt drives are 
inspected now every first week in the 
month. The belts are run off and the 
play in the bearings inspected. 

“I might state further that the saw 
mill requires about 60 per cent, the 
planing mill 20 per cent, the shingle 
mill 15 per cent and the lath mill about 
5 per cent of the electrical maintenance 
man’s time. Mechanically, the saw 
mill requires 50 per cent, the shingle 
mill 30 per cent, the planing mill 10 
per cent and the lath mill 10 per cent 
of the maintenance man’s time.” 

H. L. Hayes, Chief Electrician, St. 
Croix Paper Company, Woodland, 
Maine, comments as follows in addition 
to answering the questions mentioned 
in the accompanying table. 

“Question No. 1—Based on the re- 
sultant damage from a small amount 
of neglect, I think that electrical equip- 
ment is the most abused. For instance, 
a tight belt on a line shafting may burn 
out a bearing and the damage end 
there, but a tight belt in burning out 


-a motor bearing may also burn out the 


complete motor winding. 

“Question No. 2—In our plant the 
paper machines being direct producers 
should and do receive the greatest 
amount of maintenance. Lack of it 
would produce the greatest loss. Next 
comes the boiler room because neglect 
there means a direct loss in coal. Elec- 
trical equipment comes third because 
neglect may be more far reaching than 
ordinary mechanical neglect. 

“Question No. 3—In our plant I 
think that inspection of the electrical 
equipment is more systematic, but it is 
not as expensive, and the maintenance 
is not as great as on the mechanical 
equipment. In general, taking power 
developed, the engines and miscellane- 
ous mechanical equipment require and 
have a great deal more maintenance 
expense and attention than the elec- 
trical equipment. 

“Question No. 4—In our plant the 
subjects receive the most attention in 
order listed: Motors—including clean- 
ing; control equipment; lighting: The 
other subjects are of minor importance 
because we have a very small amount 
installed. 

“In regard to question No. 5, I be- 
lieve their importance is in the order 
listed below: No. c, first; No. a, sec- 
ond; No. d, third: No. b, fourth. 

H. M. Cullen, Chief Engineer. Inter- 
Paper Company, Turners 
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Falls, Mass., states that no equipment 
is neglected more in the average plant 
than electrical apparatus. “In many in- 
stallations the master mechanic or en- 
gineer in charge may have little knowl- 
edge of electrical operation and feel 
afraid to undertake repairs on motors 
and starters. The fact that many mo- 
tors are running under these conditions 
today speaks well for the makers. Few 
maintenance men appreciate the neces- 
sity of keeping motors clean and con- 
sequently motors are allowed to run 
until the insulation breaks down. 

“Motors should be systematically in- 
spected, cleaned and the bearings kept 
filled with clean oil. The air gap 
should be tested at least once each 
month and the belts should be gone 
over each week. Care should be taken 
that oil does not find its. way into the 
windings and lower parts of the stator 
in a.c. motors. Under such conditions 
it is impossible to blow out the dirt 
which accumulates there and the result 
is a breakdown of the insulation on the 
coils. 

“Starting boxes and compensators 
should be inspected, since poor contact 
on one phase may cause the motor to 
run hot. The writer keeps a card index 
on file for each motor that shows all 
work done with the corresponding date. 
Each motor has its number painted in 
white figures on the frame and on the 
starting box. The compensator also 
carries a red arrow showing the direc- 
tion of rotation. 

“Once each week the rotors are taken 
out of motors and the windings thor- 
oughly cleaned and given a coat of in- 
sulating varnish. Oil and dirt can 
cause more trouble with motors than 
all other things put together and a 
regular and thorough system of inspec- 
tion will go a long way toward pre- 
venting breakdown.” 

K. L. Rose, Assistant Chief Electri- 
cian, Chevrolet Motor Company, Flint, 
Michigan, says: “From my point of 
view, electric motors receive about as 
much abuse as any equipment in indus- 
trial works. Where motors are carry- 
ing heavy overloads night and day 
there is an indication that something 
is radically wrong when they happen to 
stop. Yet the operators will often try 
to start them. If they will not start, 
the lever is frequently pulled back to 
the running side and left there. This 
is a kind of carelessness that must 
always be contended with. If mainte- 
nance men would show operators a few 
things about taking care of their ma- 
chines, much could be accomplished in 
reducing troubles. Usually the ma- 
chine operators know nothing at all 
about electrical equipment. It would 
be difficult for me to say whether the 
saving by inspection and general over- 
hauling will be greater by preventing 
costly breakdowns or failures, but I 
believe that some knowledge of the 
equipment and thorough inspection will 
prevent both.” 

N. W. Coffey, Mechanical Engineer, 
Southwestern Cement Company, El 
Paso, Texas, states that in a cement 
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mill the screw conveyors and pivot 
bucket carriers are neglected and 
abused more than any other equipment 
due to the fact that screw conveyors 
are always cased in to prevent the es- 
cape of dust. Pivot bucket conveyors 
cause less trouble, due to the fact they 
are open and in sight for inspection at 
any time. “In my estimation in this 
particular plant I would say the kilns 
are the most important part of the 
plant. The heat from the kilns is util- 
ized in waste-heat boilers to furnish 
steam for the generation of electric 
power for the production of cement. 

“It occurs to me, from an operating 
standpoint, that successful conveying 
and elevating devices are of most con- 
cern in the manufacturing of cement. 
It is true that we would have no need 
for the agents were it not for the 
quarry, the railroad transportation fa- 
cilities, the crushers, dryer, raw grind, 
kilns, etc., however, it is precious little 
time we ever lose in our operations 
because of these machines, probably 
due to our efficient operators, or to the 
machines being made fool proof. In 
any event, we have run better than 95 
per cent of a possible 100 per cent this 
season so far as department machines 
are concerned. 

“I would not convey the idea that 
. we have lost a great amount of time 
because of the elevation and conveying 
devices that we have in service for this 
would not be true. However, inasmuch 
as the cost of repairs for the elevation 
and conveying machines together with 
the labor cost necessary to keep the 
devices in repair is of such moment, I 
do not feel that there is any argument 
but that the handling of the material 
is of most concern. 

“The exact figures in this instance 
are not available; however, from ob- 
servation, I would say that of the re- 
pairs we have made this year, 50 per 
cent of the labor and material could 
justly be charged to elevation and con- 
veying.” 

J. H. Gallant, Chief Electrician, 
Canada Cement Company, Belleville, 
Ontario, Canada, states: “From expe- 
rience I believe that the electrical 
equipment in a manufacturing plant 
is most often neglected and abused, not 
wilfully as a rule, but through ig- 
norance and misapprehension of what 
it really can or is intended to do. 

“Question No. 1—In the electrical de- 
partment especially the neglect and 
abuse is in the case of key motors, such 
as motors on elevators, conveyors, etc., 
which carry material in process to or 
from a department; also on motors 
with any system of remote control, 
push buttons, switches, etc. 

“Question No. 2—In the mechanical 
department special attention to line- 
shafts for alignment and to bearings 
will always show results in increased 
production due to fewer and shorter 
interruptions. 

“Question No. 8—In our plant the 
mechanical end requires more mainte- 
nance work than the electrical end, 
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especially since we have changed the 
majority of our motors to ball bear- 
ings. I am satisfied that by changing 
all our motors to ball bearings that 
we will cut down our electrical main- 
tenance work by over 60 per cent. For 
industrial plants in general, mainte- 
nance costs are higher on electrical 
than on mechanical equipment in pro- 
portion to the machinery employed. 

“Question No. 4—In our plant the 
maintenance man’s time is taken up 
mostly by the following in the order 
given: Conveyors, pebbling, relining 
and repairing grinding mills, elevators, 
motors, control equipment and lighting. 

“Question No. 5—In my estimation 
the most important item in which a 
saving can be effected through proper 
inspection, maintenance and overhaul- 
ing is No. (c), namely, “by increased 
production through keeping material or 
work in process constantly moving, 
with minimum shutdowns.” The other 
three items seem to be subsidiary to 
this third one of “keep going.” Re- 
garding the first or saving through the 
prevention of costly breakdowns: If 
breakdowns are avoided the material 
will keep going and it is very seldom 
indeed that the costs of labor and ma- 
terials for repairs on any breakdown 
come to anything near the loss due to 
the machinery being idle. The second, 
“the saving of spoiled materials 
through fewer interruptions of proc- 
esses,” naturally depends on this first 
mentioned third item. As for the 
fourth item, “the saving in the life of 
equipment and fewer failures through 
inspection,” the only and ultimate end 
of proper inspection and maintaining 
machinery in good order, is this ideal 
of all industrial executives to “keep 
going.” 

“All inspection, however, will be 
more or less useless unless the in- 
spectors’ reports be acted on immedi- 
ately after they are received and thus 
by timely repairs save costly break- 
downs, costly especially through the 
machinery being idle while repairs are 
made, which, if attended to in time, 
could have been done in a fraction of 
the ultimate time required.” 

Paul Justus, Superintendent Elec- 
trical Department, Chandler Motor Car 
Company, Cleveland, Ohio, points out 


‘that machine tools are often neglected 


or abused in a large works owing to 
the fact that they are frequently pur- 
chased too small for the work they are 
to perform or are crowded beyond 
their cutting, drilling or planing ca- 
pacity. Owing to the fact that a ma- 
chine tool usually requires considerable 
more time to overhaul than a motor, 
the production department is slow in 
consenting to have it taken out of serv- 
ice. “Keep it going” is the usual watch- 
word. 

In reference to the maintenance of 
fire alarm systems, Mr. Justus states 
that owing to the extreme importance 
that this system shall function prop- 
erly at the time when most needed, 
greater care is used in making the in- 
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stallation and hence it requires less 
upkeep than some other factory elec- 
trical systems. He considers the sav- 
ing effected through prevention of 
breakdowns the most important item 
in general inspection, maintenance and 
overhauling of plant equipment com- 
bined with the carrying of sufficient 
repair parts to be able to quickly re- 
pair unforeseen breakdowns and natu- 
ral wear and tear. 

Otto L. Schendel, Electrician, S. 
Karpen & Brothers, Michigan City, In- 
diana, states that from his fourteen 
years of experience in the maintenance 
of mechanical and electrical equipment, 
the upkeep and repairs on machinery, 
shafting and pulleys is far greater than 
similar work on electrical equipment. 
The Michigan City plant of the com- 
pany was formerly operated by steam, 
using a 250-hp. Corliss engine to run 
one half of the factory while the other 
half was operated by 25 motors on 
purchased power. Since January, 1922, 
an Allis-Chalmers steam turbine has 
been added and a large number of 
Crocker-Wheeler and General Electric 
motors. Most of the machinery is now 
operated by individual motor drives. 
At present 120 motors are in service, 
ranging in size from 1 to 50 hp., 440- 
volt, 60 cycles. A large turbine will 
be installed: in 1923 to take care of 
service in the plant which is now oper- 
ated on purchased power. 

“Motors are given an inspection once 
a day. Every Saturday they are 
blown out, cleaned of oil and are 
tested for load, rotor clearance and 
bearing wear, which are the main 
points in keeping the equipment in good 
operating condition. Two maintenance 
men and their helpers take care of this 
work and besides wire hundreds of 
lamps which the firm manufactures. 

Joseph F. Adams, Chief Electrician, 
International Harvester Company, 
Akron, Ohio, in answer to the question 
on equipment neglected or abused by 
an operating organization, calls atten- 
tion to factory lighting. He states that 
not only is inadequate lighting pro- 
vided as a rule but that which is pro- 
vided is frequently forgotten and soon 
becomes very poor and inefficient. 

He also refers to frequent abuse of 
control equipment, especially that used 
with motors that are started many 
times during the day where a group 
drive is provided. 

A. E. Arnold, Electrical Engineer, 
Oakland Motor Car Company, Pontiac, 
Michigan, states: “I find the greatest 
neglect occurs in the maintenance of 
protective devices. Either the operat- 
ing electrician fails to attach much 
importance to them or else he looks on 
them as a necessary evil. I believe, 
however, the former is the case. It 
seems that the conception of a pro- 
tective device by the average electrician 
is that it requires no attention because 
it has been designed to operate auto- 


‘matically and will do so regardless of 


any other condition. I have seen re- 
lays in which the set screws have be- 





36 


come loose and allowed the setting of 
the iron plunger to change consider- 
ably; also the small copper contacts 
which are usually incorporated into 
the design of a relay of the solenoid 
type have been allowed to oxidize to 
such an extent that the relay would 
be absolutely useless, due to the high 
resistance in the operating coil cir- 
cuit. 

With reference to fuses I find the 
same laxity exists. Fuse clips are 
not given the attention required. Also 
an overload may have occurred at some 
period in which the fuse failed to blow 
and consequently the clips have become 
heated and annealed, thus permitting 
the clips to lose their effective pressure 
on the ferrule of the fuse which would 
eventually injure the equipment it was 
protecting. 

“In answer to the question: ‘In what 
departments of the plant or on what 
equipment can inspectors and mainte- 
nance men show the greatest saving?’ 
I infer that you mean the ultimate 
saving possible. In a plant that is en- 
tirely operated by electric motors, such 
as ours, I would say that the motor is 
the vital factor in determining the 
saving to be made. I believe that per- 
sonal instruction on maintenance and 
inspection by the chief, followed up 
with a printed form containing a sys- 
tematic routine method of inspection 
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covering the motor in all the essential 
details and used as a general schedule 
for every-day use (the schedule of in- 
spection to be continuous in operation) 
will show the greatest saving. 

“In answer to Question 3, on a com- 
parison of general maintenance of elec- 
trical equipment with that on mechan- 
ical equipment, in general I would say 
that there is about as much work in 
one division as there is in the other, 
this being based on the number of men 
required for each department during 
a production period. Motors and light- 
ing require the largest amount of the 
maintenance man’s time as a general 
rule. 

“In reference to the saving which 
can be shown by adequate inspection, 
general maintenance and overhauling 
of plant equipment, both electrical and 
mechanical, I believe that saving in 
life of equipment and fewer failures 
through inspections makes possible the 
other three savings which are men- 
tioned. As the continuous operation 
of a plant depends on the readiness to 
work of all the factors that go into 
producing the final product, it is easily 
seen that if all these factors are in- 
spected and watched carefully there 
would be no costly breakdowns or 
spoiled material or the necessity of 
shutdowns occurring, to reduce the 
final output of the plant.” 





(Continued from page 31) 
men, 1100 hp.; four men, 2000 hp., 
and five men, 6000 hp. As already 
stated, operating conditions will 
vary these numbers considerably. 

Frequency of Inspections and 
Overhauling.—Once a week is the 
favorite time for making inspec- 
tions. Thirty companies (out of 
sixty-two reporting) conduct weekly 
inspections on motors; seventeen 
companies daily, and six monthly. 
Forty-seven companies reported that 
they inspect control equipment. 
Twenty-three referred particularly 
to cranes and twenty-four to mate- 
rial-handling equipment. The in- 
spection periods for all of these 
follow the same order as for other 
equipment; namely, daily, weekly 
and monthly. 
namely, daily, weekly and monthly. 

Thorough overhauling is done as 
it becomes necessary in 34 plants out 
of fifty-four reporting. Twenty- 
eight plants overhaul at regular in- 
tervals. The interval between over- 


hauls is one year for eighteen plants 
and six months for four of them. 
Most of the plants have no specified 
time for overhauling and in many 
cases overhauling is being done con- 
tinually, passing from one machine 
to the next, in rotation. In thirteen 


cases where overhauling is done at 
regular seasons, seven of the dates 
fall in December, January and Feb- 
ruary. 

Amount of Maintenance Stock.— 
The average amount of wire kept in 
stock by fifty-one companies report- 
ing is about 3,000 ft., mostly of No. 
14 and No. 12 B. & S. gage. Eight 
of the plants keep one set of brushes 
per motor, and four plants keep one 
set only. Among twenty-one other 
plants the average number of 
brushes in stock is 35. About 88 lb. 
of babbitt is the average of thirty- 
seven plants, and 42 pounds of solder 
is the average in forty-two plants. 

Eighteen of the plants reported 
that coil and slot insulation is kept 
on hand. The average amount is 
50 lb. Plant No. 26 in the table 
keeps 50 Ib. each of 1/16-in. leather- 
oid, 1/32-in. leatheroid and mica 
plate, and also 25 lb. of grade B 
oiled linen. Plant No. 44 keeps cot- 
ton tape, oiled linen, asbestos and 
slot paper. This, in general, is the 
kind of insulation carried by all the 
plants which do repair work. Plant 
No. 44 also carries one-third to one- 
half a set of coils for a few of the 
most important motors. Plant No. 
54 keeps on hand $500 worth of in- 
sulation. 
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Lamp stocks are kept on the aver- 
age, at about 50 per cent of the 
number of lamps installed. In all 
the plants there are about 116,000 
lamps totaling 16,000,000 watts. The 
60-watt size leads in number (29,- 
055) and in wattage (1,743 kw.). 
In wattage the 200-watt size is next 
(1,500 kw.) and the 75-watt size is 
third (1,462 kw.). In numbers the 
75-watt is second (19,675) and the 
40-watt size is third (15,240). 

For every hundred lamps installed 
there are 137 replacements per year. 
One paper mill, No. 50 in the table, 
has 360 per cent of lamp replace- 
ments per year. A fertilizer plant 
(No. 21) has 300 per cent; a plant 
for leather boots (No. 48), 250 per 
cent; a valve plant (No. 33), 220 
per cent, and a cement plant (No. 
7), 200 per cent. 

It has been noted that the plants 
making electrical equipment did not 
list much maintenance stock. These 
plants have material on hand for 
manufacturing purposes and do not 
have a separate storeroom for the 
maintenance department. 

Responsibility for Maintenance, 
Production and Non-Interruption.— 
An interesting part of the table is 
found in the last two columns re- 
ferring to the responsibility for 
maintenance, production and non- 
interruption of service. In thirty 
cases out of sixty reporting, the 
same man is in charge of all three 
divisions of plant service. In only 
four cases the man who has charge 
of maintenance and non-interruption 
of service, is not responsible for 
production. 

The men in charge of maintenance 
in the different plants have twenty- 
two different titles and there are six 
who have no title at all. Of all these 
men, eight are superintendents; 
nine, master mechanics; four, elec- 
tricians; three, engineers; six, no 
title. 

There are 23 plants out of 53 re- 
porting on productions where the 
man in charge of maintenance does 
not have charge of non-interruption 
and production. The men who have 
charge of this work has collectively 
eight titles. There are seven super- 
intendents in this group and one 
each of seven other titles and one 
without a title. The titles of super- 
intendent, master mechanic and 
works manager occur both in this 
group and in the group of men who 
have more direct charge of main- 
tenance. 
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Underlying Influences 
Which Contributed Toward 


29 Months Without a 


Lost-Time Accident 


In One Department and a Similar 
14-Months’ Record for the Entire Works 


AN A factory with the usual 
i complement of hazards 

achieve a record of one whole 
year without a lost-time accident? 
It can, and here follows the account 
of how it was accomplished. 

In discussing this achievement for 
the INDUSTRIAL ENGINEER it would 
be most fortunate if a complete out- 
lay of mechanical safeguards could 
be pictured and offered as the cause 
of a record which is at least unusual. 
The description of what has occurred 
would then be comparatively simple, 
and a duplication of the record 
easily brought about if the installa- 
tion of mechanical prevention would 





By WILBUR WOODAMS, 


Safety Engineer and Employment Manager, 
Hawk-Eye Works, Eastman Kodak 
Company, Rochester, N. Y. 


duplicate the trick. It is true that 
little which seemed of value in the 
line of guards and mechanical aids 
to accident prevention was omitted, 
and the effort expended in this line 
did much to achieve the results at- 
tained. However, it is in the in- 
dividual within the plant, and his 
use of the tools with which he works, 
that the true reason for accidents 
or their absence must be found. To 
the attitude of the whole force—the 
collective individual—call it plant 
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This group of men has a record of 
29 months without a lost-time acci- 
dent among these surroundings where 
one would hardly expect such a record. 





spirit, plant pride or whatnot—the 
record of the Hawk-Eye Works of 
the Eastman Kodak Company must 
be credited. 

This division is a small plant man- 
ufacturing a large variety of prod- 
ucts, all of which fall in the general 
class of photographic accessories. 
The machinery consists of a wide 
variety of metal, woodworking and 
optical machinery, with the addition 
of a number of special machines. 
During the fourteen no-accident 
months, which extended from June, 
1921, to August, 1922, the average 
number of employes on the pay roll 
was slightly in excess of four hun- 
dred. It would, perhaps, not be un- 
duly pessimistic to suppose that even 
so moderate a number of people, 
spending 834 hours of each working 
day in any active capacity, in a five- 
story plant, would come to some 
mishap, even without the additional 
hazard of machinery. Yet a force 
consisting of approximately two- 
thirds men and one-third women 
avoided even the tumbles on the 
stairs, the infections, the slipping 
and the hazards of falling materials. 

It is not to be expected that 
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scratches and near accidents did not 
occur. In making this record a lost- 
time accident was considered as one 
which caused loss of time in a day 
other than the day on which it oc- 
curred. This is the same as a “re- 
portable” accident as required by the 
New York Industrial Commission. 
For several years ending with 
1920, we had been paying an annual 
toll of approximately twenty acci- 
dents. The work was well guarded 
and every reasonable precaution 
taken but seemingly without effect. 
Apparently we had reached an ir- 
reducible minimum. Then came the 
business depression and the reduc- 
tion to the point where the force 
was made up largely of long-service 
employes. Such a condition reacted 
immediately to reduce accidents to 
a very low point. Experienced 
workmen and long term employes 
are generally safe. With the acci- 
dent rate at this low point in the 
spring of 1921 we began definitely 
to study the possibility of lengthen- 
ing the interval between accidents 
with no goal set beyond the immedi- 
ate present. The only object was to 
pass each successive day with a clean 
record. Interest increased as time 
went on until the effort to continue 
the record became a part of the con- 
sciousness of the whole force. Suc- 
cess succeeded. The spirit, the zest 
of the game, became its own motive 
power. Then gradually there grew 
a pride in the achievement in which 
each individual had his share. 
The experience of one department 
at Hawk-Eye, in which is crowded 
a miscellaneous lot of manufactur- 
ing, offers a good example of the 
value and growth of this pride. The 
work in this department requires 
the use of a variety of metal work- 
ing machinery, including some 20 
presses used in blanking and form- 
ing jobs, draw presses, mills and 
drills, automatic and hand screw 
machines, square shears and lathes 
besides a large number of bench 
forming operations and soldering 
jobs. The work of the department 
was done on the bonus system with 
speed and production at a premium. 
Accidents were not unexpected here. 
The change in the attitude of the 
department came gradually. The 





Maintenance men do much of their 
work alone with little direct super- 
vision. 

For this reason they must be convinced of 
the necessity of thinking safety. This man 
is removing rungs from the horse so that 
it will fit over the lathe. Will he remem- 
ber when he comes down? 
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MR. WOODAMS makes the 
following significant state- 
ment: “Any safety cam- 
paign will stand or fall ac- | 
cording to the measure of co- | 
operation secured from the | 
Maintenance and Construc- 
tion Department..... Inci- 
dentally there is no single | 
group which can so success- | 
fully combat the hazards 
which continually occur 
when least expected through- 
out the plant. Watchfulness 
and real interest on their 
part has an immeasurable 
value in any safety campaign 
while carelessness is certain 
to end in disaster, either for 
themselves or for some fel- | 
low workman. When they | 
are on the job safety begins 
with the machine. When 
these men become safety 

| workers much of the routine 

| of, accident prevention is 

| eliminated.” 


| 




















first no-accident month occasioned 
little interest; it had happened be- 
fore frequently. The second caused 
some curiosity. After three months 
without an accident these men be- 
gan to realize that they were making 
a splendid record. They began to 
take a lively interest in the addi- 
tion of each successive day to their 
record. Men who apparently had 


never been conscious of accident pre- 
vention efforts began to say, 


“é 


an- 
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other day without an accident,” or 
“another week and still going.” The 
end of each month added to the 
record became the occasion for cele- 
bration. Their success was to them 
a real -accomplishment; it was 
theirs, and they were making it. 

The work of the department has 
always been well guarded. There 
was no change in methods. The 
difference was due solely to the 
changed attitude and the pride of 
accomplishment on the part of the 
operators. Needless to say we have 
first-class foremanship in that de- 
partment with the foreman at all 
times the real leader of his men. It 
is twenty-nine months since the last 
lost-time injury to one of his em- 
ployes and the record is still grow- 
ing. There is no safeguard like the 
pride of accomplishment. We do not 
belittle mechanical safeguards, but 
it seems evident that they are but 
a part of real accident prevention. 


THE MAINTENANCE DEPARTMENT’S 
PLACE IN A SAFETY CAMPAIGN 


Any safety campaign will stand or 
fall according to the measure of co- 
operation secured from the Mainte- 
nance and Construction Department. 
Scattered about the plant, often 
without direct supervision, moving 
heavy objects, salvaging, oiling and 
performing all the kindred occupa- 
tions which go to make up the daily 
tasks of maintenance men, they are 
quite generally unguarded except by 
their own care. Their work is a 
danger point in any safety cam- 
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paign. Incidentally there is no 
single group which can so success- 
fully combat the hazards which con- 
tinually occur when least expected 
throughout the plant. Watchfulness 
and real interest on their part has 
an immeasurable value in any safety 
campaign. Carelessness on the part 
of maintenance men is certain to 
end in disaster, either for themselves 
or for some fellow workman. When 
they are on the job, safety begins 
with the machine. When these men 
become safety workers, much of the 
routine of accident prevention is 
eliminated. 

We did not realize the importance 
or value of the Maintenance and Con- 
struction Department before our no- 
accident year as thoroughly as we 
do now. During that period we be- 
gan to check the maintenance men 
more closely and to learn the possi- 
bilities for service that exist in their 
work. The attention which was 
focused on them, and the success 
which met their efforts aroused in 
them a loyalty to the cause which 
had previously been a useful force 
lying dormant. Here again, how- 
ever, the question of foremanship 
was paramount. The foreman not 
only grasped the idea himself but 
got it across to his men successfully. 

For some time we had conducted 
our safety work on a basis of de- 
partmental competition. We found 
that in discarding this method we 
were able to replace it with a com- 
bined effort to make the whole plant 
safe. It was at this point that the 
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This extension ladder will not slip. 


Coco-matting is fastened on the bottom of 
these boards hinged to the foot of the lad- 
der. It can be placed in practically any 
position. This accident-prevention idea 
evolved from a suggestion made by one of 
the men. The principal factor in safety 
work is to get the men to think “Safety.” 
They will then be careful and make sug- 
gestions which may be of much value in 
furthering accident-prevention work. 





work of the Maintenance Depart- 
ment was invaluable. The idea was 
given to them through their foreman 
and through individual talks with 
the men of the department. A 
“progress report,” reproduced on 
page 40, submitted monthly by the 
foreman which detailed the accident 
prevention work done by the depart- 
ment, was, and still is, a source of 
inspiration. It does not hinder in 
the least to let them know that their 
work in this regard is watched. 

It would be extremely difficult to 
select any single prominent incident 
in which our Maintenance Depart- 
ment has aided in reducing acci- 
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dents, as each incident in itself is 
commonplace. It is only the com- 
posite which seems unusual. Qne 
example, although of little impor- 
tance alone, shows the spirit and the 
effect of these suggestions. One of 
the men in the Maintenance Depart- 
ment made a simple little suggestion 
for an improvement on the guards 
which already covered the gears of 
some milling machines. It seemed 
to be a refinement but was approved 
for the potential value in the adop- 
tion of the man’s suggestion. Some 
months later an inexperienced oper- 
ator dropped a small lug which he 
was milling. The piece fell through 
the machine, landed on the gear 
guard and the operator tried to 
rescue it with his finger. The addi- 
tion to the guard which had been 
suggested by the maintenance man 
prevented the operator’s hand being 
drawn into the gears and let him off 
with only the loss of a small amount 
of skin from the end of his finger. 
The greatest hazards in the work 
of our Maintenance Department 
seem to have been from falling ma- 
terials and slipping ladders. The 
last named hazard has been effec- 
tively overcome by the use of coco 
matting feet on the ladders, a sug- 
gestion made by an employe of the 
Kodak Park Works. They have been 
in use for something over a year 
and so far have functioned perfectly. 
The hazards of falling materials, 
faulty tools and equipment, as well 
as the many other dangers to which 
maintenance men are exposed can 
only be eliminated by care and fore- 
sight on the part of the men them- 
selves. There is no other preventive. 
The best, and therefore most diffi- 
cult, factor of safety work is that 
which teaches and inspires care and 
foresight. First we tried to merit 
the co-operation of the men of this 
department, then to give them credit 
for the results of their efforts. 
The attainment of this co-opera- 
tive attitude on the part of the em- 
ployes of any company depends 
directly upon its labor policy. There- 
fore, management must merit co- 
operation in the safety movement by 
its attitude toward all questions in- 





He forgot that he had taken the 
rungs off. 


In this case the maintenance man put him- 
self in danger. Often, however, his care- 
lessness endangers others, since by leaving 
heavy objects overhead or debris on the 
floor as a tripping hazard, or through 
neglect to replace guards. He is in an 
excellent position to see hazards and will 
suggest methods of removing them if he 
receives recognition and encouragement. 
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Date Only soweheead eons will ba reported Rémathe 
Mom ~ 2 Bee gm : te #5 
Eastman Kodak. Company: Guards installed or altered, or conditions remedied 
Industrial Relations Department 
Accident Prevention Branch os 
sev. Fea a Spb, tice 
. EES rolae ov. Made and installed guards for moines darlene. 
e £ 2 Made and installed motor ‘guard, magbine #1430 
Div sa : wg Repaired floor, Bldg.5,%st.floor, cementing hojes in floor,eto. 
* 2° | Made and installed gear guards on benoh lathe in Instrument Dept. 
= ener ee — " 2. |: Mage and installed motor guard on machine # 5240- 
i * 6 Changed belt guards on Boring machine #229 in Hill Dept. 
: see | Made and installed 011 drip pans on shafting, $rd. floor,Bldg.3 
Nov. 7 Meeting of Plant Safety Committees ‘ . : 
- gies 8 | Made and installed gear guard on machine # 75 jin Brass Dept, 
oe Meeting of Executive Safety Committee at 0. of/6. ; i 
i : ; 25 Installed oil drip pans on motor # 92, 2nd, floor, Bldg.1 
* 5 Made and installed guards on prese# 114 in Pregs Dept, 
™ 48 Made and installed guards on press # 3252 in Press Dept. 
a. Made and installed belt guard on emery wheel #/59 in Brass Dept. | 
Inspections 
Rov.14 Routine - Plant Safety Committee (Special Inspgotion dom, ) : 
/ Safety Inspector 
Fire Drills “Progress Report” on which safety work completed dur- 
Se: = ing the month is reported. 
ov. e ° . . 
SF 5 It is encouraging to see what has been accomplished each month. 
"5 " £6 This progress report also gives credit for work completed. It is 
made by the safety engineer to the general safety supervisor of 
the company. The reverse side of this report, shown above, carries 
the list of work done which the foreman of the Maintenance De- 
partments sends in monthly. No printed form is used for his 
report; it is simply an enumeration of the items covered. 




















volving employe relations. It should 
not seem boastful in the light of the 
record made, to say that co-opera- 
tion has been obtained at Hawk-Eye, 
at least in the field of accident pre- 
vention. Our safety organization 
begins with the management of the 
company. 


How SAFETY WORK IS ORGANIZED 


Within the plant we are organized 
simply with a safety committee rep- 
resentative of each department and 
headed by a chairman appointed by 
the management. The departmental 
representatives are appointed by the 
foremen as their selection in this 
way has been found to achieve 
greater co-operation within the de- 
partment than the former method of 
appointment by the committee chair- 
man. Departmental representatives 
are chosen semi-annually, and are 
rotated as far as possible in order 
to give the experience to as many 
people as possible. In addition to 
the regular representatives, a few 
others who have proved their inter- 
est and value to such an extent, are 
considered more or less permanent 
members of the committee. 

Meetings are held monthly for the 
discussion of suggestions and prog- 
ress made since the last meeting. 
The chairman appoints a sub-com- 


mittee of three each month which 
makes a complete inspection of the 
plant and reports in writing at the 
next meeting. These are submitted 
to the superintendent for disposal. 
The work of the plant safety com- 
mittee has been, throughout, an im- 
portant factor in making the work 
of real interest to the employes 
rather than an effort imposed by the 
management. 

The part played by propaganda in 
the success we have had is of course 
difficult to estimate. Persistence in 
this regard combined with an effort 
to put forth the best available un- 
doubtedly contributed in good meas- 
ure to the result. Any form of 
propaganda, be it bulletins, charts, 
signs, object lessons or whatnot de- 
feats its own purpose if it is allowed 
to become stale and worn. It must 
be handled so that it attracts atten- 
tion or it is valueless. We found 
that after a siege of safety propa- 
ganda a favorable reaction resulted 
from a temporary total eclipse of 
advertising effort. We omitted the 
sensational, the gruesome, and tried 
to maintain a serious tone. Educa- 
tion should be the foundation of all 
safety propaganda but it must be 
interesting and sincere to be effec- 
tive. 

Our plant dispensary, or hospital, 


as we call it, has been a contributor 
to our accident prevention work. 
The treatment the operator received 
in the hospital made it possible to 
send the man there with the slight 
cut for treatment .without resent- 
ment. Our employes have been 
taught that it is not a sign of weak- 
ness to have even the smallest abra- 
sion cared for by the nurse. The 
important fact is that they did come, 
and while there is no way of esti- 
mating the number of infections 
prevented in this way, it does not 
seem extravagant to say that we 
would not have had a no-accident 
year without such free access to and 
use of the hospital. 

If there is any single lesson to be 
drawn from the results attained at 
the Hawk-Eye Works, it is that 
safety work in itself is but one unit 
in the whole picture. The best of 
accident prevention work cannot suc- 
ceed by itself alone. It cannot achieve 
the results desired without that co- 
operation which comes only when 
merited in every phase of the contact 
between management and its men. 
Nor is it necessary that manage- 
ment surrender its prerogatives to 
secure co-operation. If the men are 
satisfied that they are led by compe- 
tent men they will not desire to 
usurp their power. 
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and Developments in 


Better Methods of °, 
Handling Materials 


Which May Be Adopted in Industrial Works 
To Increase Production and Reduce Costs 


NTIL RECENTLY, but little 
| | attention has been paid to 

careful analysis and stan- 
dardization of the best methods of 
handling materials in industrial 
plants. Some attention had, of 
course, been given to improvements 
in certain operations and processes 
of the work, but these were not de- 
veloped in such a way’ that they fit 
together. Too often the addition of 
a hoist, conveyor or an electric truck 
was considered a solution of the 
problem when it solved only part of 
it, yet big economies have resulted 
from such installations. 

When it is considered that a large 
percentage of all industrial opera- 
tions or processes are handling oper- 
ations—picking up, laying down, or 
moving—the importance of the best 
methods of doing this work may be 
better realized. For example, a 
year or two ago the chief engineer 
of Deere & Company, Moline, IIl., 
_ showed by a careful analysis that it 
was necessary to handle—actually 
pick up and move—168 tons of ma- 
terial for each ton of finished cast- 
ings produced from his foundry. A 





sow a 





One man in an inclosed cab can operate this magnet or grab bucket in any kind 
of weather for handling pig iron, scrap, coke, or similar materials. 


By FRANK E. GOODING 


Associate Editor, Industrial Engineer 


check in many other similar works 
would show that the pig, scrap, coke, 
limestone, cores and molding sand, 
patterns, flasks, debris, castings and 
miscellaneous other materials are 
handled many more times than were 
indicated in this check. These nec- 
essary handlings may be performed 
by hand, by mechanical or electrical 
equipment, or by combinations of 
hand and equipment. 

The big savings lie in choosing the 
proper combinations and in making 
the best use of them. For example, 
wheelbarrows, hand loaded, may be 
satisfactory for moving pig iron in 
one plant while in another a com- 
bination of cranes, hoists, magnets 
and electric trucks or tractors are 
required. Where several men are 
employed most of their time on any 
handling operation, however, the 
economies in the use of equipment 
to do their work is worth investigat-’ 





ing. Many material-handling in- 
stallations have paid for themselves 
in less than a year and some within 
a few months. 


WHY MorRE ATTENTION IS GIVEN TO 
BETTER MATERIAL-HANDLING 
METHODS 


Within the last few years much 
attention has been paid to individual 
industrial processes and changes 
adopted or new methods installed 
that would show a reduction of costs 
or an increase in production per man 
hour or per dollar expended. Under 
former methods of cost keeping, the 
material-handling expense was usu- 
ally lumped under the heading of 
“indirect labor” or “overhead.” In 
getting a closer analysis of costs, this 
general term “indirect labor” has 
been subdivided until now, for an- 
alytical purposes, in many instances 
the management knows which items 
go to make up this expense and about 
how much each costs. Such analyses 
have thrown the spotlight on ma- 
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The tendency to electrify existing 
equipment is well shown in this 
special motor attachment for mak- 
ing a power hoist from standard 
hand equipment. 





terial-handling costs. However, even 
these do not disclose all material- 
handling costs, as many are still cov- 
ered up as a part of another opera- 
tion. In this connection, time and 
motion studies have done much to 
separate the parts of work which are 
really handling operations from 
those which are manufacturing or 
machine operations. 

Probably the most important fac- 
tor, however, in forcing attention to 
better material-handling methods 
has been a decrease in the number 
of rough laborers available. This is 
particularly true of what were com- 
monly known in industry as “strong 
back” jobs. As a result, particu- 
larly during the past year, many 
mechanical devices have been in- 
stalled in plants which have either 
eliminated this rough, heavy labor 
or make it possible for this work to 
be done at a minimum of physical 
effort. For example, one of the first 
places which felt the shortage of 
this rough labor was in the miscel- 
laneous yard jobs, such as storing 
coal, handling pig iron, foundry sand 
or debris, or other similar moving 
jobs which required a considerable 
number of men at the same task. 

These methods adopted are not 
new by any means; conditions have 
simply been favorable to a wider 
application of such equipment as 
locomotive, bridge or mono-rail 
cranes with magnets or grab buck- 
ets. Often these cranes and hoists 
are used in connection with trucks, 
belt conveyors, or other types of car- 
riers, for the reason that many times 
the cranes cannot carry the material 
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economically to its final destination. 
The big saving resulting from the 
use of a crane, however, is that it 
picks up tons at a time with only 
the expenditure of one man’s time, 
whereas men pick up by the shovel- 
ful or by the piece. Also, the crane 
or conveyor can carry a continuous 
load of tons in the same length of 
time that one man can carry possibly 
200 to 400 lb. at a trip. A large 
crane or belt conveyor and one man 
with a wheelbarrow are extremes in 
output. 

An incidental saving as a result 
of using heavier equipment is the 
elimination of the expense incidental 
to the replacement and repairs of 
shovels, wheelbarrows and other 
similar equipment which are neces- 
sary for the men. This saving, in 
many cases, amounts to thousands 
of dollars in addition to the other 
thousands saved in the wages of 
each man replaced. 


SMALL INSTALLATIONS CAN MAKE 
Big SAVINGS 


It is not necessary that the in- 
stallation be large nor cost thou- 
sands of dollars to be economically 





One of the advantages of using 
magnets to pick up work is that it 
is not necessary to call a gang of 
men nor “fuss” with chains. 
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Formerly strong men were required 
to lift these 300-lb. rolls of wire. A 
shortage of this type of men has 
forced the installation of these elec- 
tric hoists, operated by push but- 
tons, so that a smaller man can now 
do the job much more quickly. 





used. Even where only a few car- 
loads of material is handled irregu- 
larly, many kinds of portable han- 
dling equipment may be used, such 
as portable belt unloaders, wagon or 
truck loaders and electric storage 
battery trucks with special bodies to 
haul a ton or more at a time instead 
of wheelbarrow loads. 

Conveyors of belt, apron, bucket 
and gravity types have played a very 
prominent part in the reduction of 
material-handling costs. In one New 
England factory a system of belt 
conveyors and pneumatic tubes, cost- 
ing approximately $75,000, has 
doubled the output with a reduction 
of 72 operators and made a saving 
in labor of approximately $72,000 at 
an operating cost of approximately 
$4,000 a year. In any plant where 
men are continually walking back 
and forth at their work, a study of 
the advantages and possibilities of 
a conveyor for carrying the work 
between these two points will usually 
be found profitable. 

Conveyors are used not only in 
moving materials, but also in pro- 
gressive assemblies and to a large 
extent recently for temporary stor- 
age floors. Conveyors from machine 
to machine are in one sense a stor- 
age conveyor as well as a carrying 
conveyor. A good example of the 
use of conveyors for production and 
for storage was given in INDUSTRIAL 
ENGINEER, on page 504 of the Octo- 
ber issue. 

The savings which may be made 
through material-handling equip- 
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ment in various combinations are so 
great that many companies are de- 
signing special equipment for their 
particular problems. Oftentimes 
this is but a slight variation of exist- 
ing equipment but enough, however, 
to require special designs for the 
installation. Some of the examples 
illustrating this article show these 


adaptations of material - handling 


equipment for special cases that 
later have been found to be of wide 
enough use to become a standard 


type. 


LIFTING LIGHT LOADS 
MECHANICALLY 


Another feature which has helped 
to increase and speed up production, 
as well as eliminate the number of 
men required, is the addition of nu- 
merous small hoisting units in a 
shop to supplement the large over- 
head traveling crane. In many plants 
where one large traveling crane had 
been installed large enough to take 
care of a wide range of work, it 
spends most of its time on light jobs. 
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An auxiliary installation of small 
hoists to serve machines leaves the 
heavier and more powerful equip- 
ment for the heavy work which it 
alone can do. 

The wide demand for equipment 
for this purpose has led to the elec- 
trification of three types of light 
machines. Several electric hoist man- 
ufacturers have developed light elec- 
tric hoists of approximately 14 to 1 
ton capacity to take their power 
from an extension cord. 

Similarly the Economy Engineer- 
ing Company, Chicago, has recently 
electrified many installations of its 
small portable elevators up to 1,500 
lb. rating where they had been sold 
for hand operation. These also take 
power from a socket. Another com- 
pany, The Motorbloc Corporation, 
Philadelphia, Pa., has designed a 
special electrical motor attachment 
to be placed on standard hand-oper- 
ated hoists to electrify them. This 
is controlled from a push lever mech- 
anism held in the hand and receives 
power from an extension cord. Nu- 
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merous other similar applications of 
material-handling equipment which 
add to their flexibility have been de- 
signed recently in response to the 
demand. for increasing production, 
eliminating extra labor and reducing 
costs. 


ONE METHOD OF INCREASING SPEED 


Many overhead cranes designed 
during the past year have been for 
high-speed operation. One crane 
user, A. L. Gear, chief electrician 
of the Gary Screw and Bolt Com- 
pany, Gary, Indiana, has re-designed 
his equipment to get not only a 
higher speed but operation at two 
speeds. Mr. Gear realized that 
while a crane was designed for han- 
dling its rated load, only seldom 
was the actual load ever up to any- 
where near its maximum rating. By 
dividing and reconnecting the fields 
of the direct current hoist motors, 
the crane was speeded up for han- 
dling the light loads which comprise 
the larger percentage of the work. 
Through special connections in the 
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Nine Material-Handling Operations 








Showing Ways Work Has Been Speeded Up at Lower Cost 























A-—If these Link-Belt portable belt con- 
veyors earn their way handling coal in 
Japan, where labor is cheap, what might 
they do here? 

B—Big gantry cranes like this Meade- 
Morrison installation take the place of 
hundreds of men. 

C—This Cowan electric lift truck speeds 
the “peddling” of supplies at a low 
labor cost. 

D-—Alvey-Ferguson spiral chutes, belt and 


























vertical conveyors supplant trucking in 





this flour mill. 

E—This McKinney-Harrington portable 
conveyor handles supplies to and from 
a balcony storeroom. 

F—Rolls of metal strips are handled to 
and from annealing furnaces by this 
Baker R & L special tiering truck. 

G—tThe strength of a man is multiplied 
many times by this Shepard hoist. 

H—A modification of the electric lift truck 
(Elwell-Parker) handles crucibles to 
and from an annealing furnace. 

{[— One: floorman and the crane operator 
‘pick” stock in this steel warehouse 
with this Ohio Electric crane and mag- 
net. The two men supplant a gang. 
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cab the crane man can operate the 
crane either at its designed speed 
or at the increased speed by simply 
throwing switches. Light loads are 
now hoisted at double. speed. This 
has resulted in increasing the capac- 
ity of the crane by about 40 per cent. 
This crane is used for loading scrap 
with a magnet and for unloading 
steel rods and bars from cars. This 
one crane was re-designed as an ex- 
periment. Mr. Gear believes that 
for general operating practice it 
would probably be better to increase 
the speed of this motor only about 
25 to 35 per cent instead of 50 per 
cent. The bridge and trolley motors 
were not changed. 


LIGHT LIFT-AND-CARRY EQUIPMENT 


For certain lines of work, com- 
bination or two-operation (lift and 
carry) equipment has established a 
firm place in industrial works. Per- 
haps the most common examples of 
this type are the hand and electric 
elevating-platform trucks. These are 
so common as to hardly need descrip- 
tion. But few users realize, how- 
ever, their wide application. Wher- 
ever material must be moved over 
varying routes or when handled in- 
termittently in moderate quantities, 
it always pays to investigate the 
applicability of either hand or power 
elevating platform trucks or a com- 
bination of the two with possibly 
tractors and trailers if the material 
is hauled any distance. Very large 


quantities handled over a definite 
route usually are more economically 
handled by permanent equipment 
such as conveyors or cranes. 

The most important feature in in- 
creasing the use of lift-and-carry 
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equipment is in providing suitable 
types of skids or platforms. For 
example, carefully machined parts 
which might be damaged if permit- 
ted to come in contact with each 
other are easily protected by placing 
them on a special skid designed to 
separate each part. For example, 
one large automobile company saved 
thousands of dollars in one year by 
the use of these special skids over 
the former practice of throwing 
these parts into tote boxes. For ex- 
ample, a machined crankshaft rep- 
resents considerable time and labor 
and can easily be damaged by being 
piled in promiscuously with other 
crankshafts. The saving of only a 
few crankshafts would soon pay for 
the extra expense of making the 
special skids for handling this work. 
Literally hundreds of special designs 
for skids have been made for the 
solution of particular problems in 
various industrial plants. Some have 
and others will be illustrated fre- 
quently in the “Handling Materials” 
department of the INDUSTRIAL EN- 
GINEER. 

_ At first skids were plain, home- 
made wooden frames. Now the ten- 
dency is to use a much heavier and 
more substantially built platform 
with steel or iron supports or legs 
bolted. securely to the platform. 
Practically all elevating - platform 
truck manufacturers supply substan- 
tial skids of this type. “knocked 
down” for shipment. The use of 
pressed steel skids is also increasing. 
While these were originally used for 
handling hot forgings, they are now 
quite commonly used for any heavy, 
rough materials such as castings or 
machine parts which are not dam- 





in this 
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aged through contact with each 
other and are very abrasive to the 
wooden platform. 

Tiering or piling trucks, which 
lift their load several feet instead 
of a few inches, and carry as well, 
are a development of the electric lift 
platform truck and the portable ele- 
vator or tiering machine. These are 
now used quite extensively for pick- 
ing up material and piling it to the 
ceiling, several layers high by not 
more than one man and the operator, 
where formerly a large gang of men’ 
were required to do the same work. 
Some printing concerns are using 
these machines to pile box or roll 
paper to the ceiling and also to pile 
two or more skids loaded with 
printed and folded sheets on top of 
each other and so economize in stor- 
age space. One concern, instead of 
piling, suspends the upper, loaded 
skid from the ceiling. Instead of 
tiering trucks, portable elevators are 
very often used in combination with 
either hand or power lift trucks. 


CRANES ON TRUCKS AS A SHOP TOOL 


Although electric trucks with a 
crane hoist built on the platform 
have been on the market for a num- 
ber of years, their application has 
increased within the last year. These 
have a wide application and in many 
plants they are considered one of 
the shop tools, as they are used to 
load small machine tools, to lift 
equipment and other parts when 
they are handled by the Maintenance 
Department, to set and remove dies, 
to pile material in the yard, to load 
and unload heavy castings or incom- 
ing material onto either industrial 
trucks or motor trucks, and many 
similar tasks. Railroad shops are 
using these to particularly good ad- 
vantage, for example, in such jobs 
as removing cylinder heads, connect- 
ing rods and other pieces which are 
far too heavy to be handled by any 
less than two or three men. With- 
out some such arrangement as this 
it would be necessary to rig up a 
chain hoist for each of these opera- 
tions. The storage-battery truck 
with a crane can pick these parts up 
anywhere and carry them to the 
shop or to the locomotive, or assist 
(Continued on page 47) 


| 





Installations are more flexible if 
they are designed so that they can 
be used in connection with any 
equipment. This lift truck platform 
skid has wheels so that it may be 
moved by hand; chains enable it to 
be lifted by the shop crane. 
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Kinds of Dirt 
Encountered When 


Cleaning 
Lamps and 
Reflectors 


In Works of Various 
Industries and How 


They Can Be Most 
EffectivelyRemoved 


By N. T. GORDON 


Experimental Engineering Laboratory, Na- 
tional Lamp Works of General Electric Co. 


IGHTING men know that the 
amount of illumination ob- 
tained from lighting equip- 
ment decreases gradually but surely 
with length of service, due to the 
dust and dirt which accumulate on 
the surfaces of the lamp and the re- 
flector. A few months ago an in- 
vestigation was undertaken to class- 
ify the kinds of dirt which may be 
expected to accumulate on the lamps 
in representative industries and to 
determine just how much the light 
output of lamps may be increased by 
cleaning them. 

To determine the kinds of dirt to 
be found on lamps in regular use in 
the various industries, several com- 
panies were visited and from one to 
three lamps taken from each. The 
companies visited were representa- 
tive of the automobile, paint and 
varnish, chemical and storage bat- 
tery industries, machine shops, foun- 
dries, transportation offices and 
warehouses. In general, lamps were 
selected which had accumulated dust 
and dirt typical of each industry. 

The total number of lamps used 
by these companies is approximately 
16,000, about 85 per cent of which 
are clear lamps. Of the companies 
visited, 60 per cent do not clean 
their lamps at all, 33 per cent clean 
them at infrequent intervals and 
about 7 per cent clean lamps fre- 
quently at regular intervals. It 
should be borne in mind that this 
survey was made at a time of finan- 
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Plenty of soap and water is usually sufficient but, for oil and grease, Bon Ami, 
Old Dutch or Babbitt’s Cleansers will speed up the job. 


cial stringency, when many of the 
companies were operating only three 
or four days a week, with reduced 
forces. Maintenance men whose du- 
ties include regular cleaning of the 
lighting installations had been tem- 
porarily released and a much higher 
percentage of companies which clean 
lamps frequently can be expected 


when these men return to work un- - 


der normal manufacturing condi- 
tions. Typical cleaning materials 
found in use at the companies vis- 
ited were soap and water, Gold Dust 
and Oakite. 

Tables I and II show the kinds of 
dirt found in twenty-four different 
service locations and the foot-candle 
measurements, taken from a fixed 
position, before and after cleaning 
the lamps. All but two were clear 
lamps; these two were bowl-frosted 
lamps. 

It will be seen from the two tables 
that four separate classes of dirt 
were encountered; namely, dust and 
dry dirt, smoke, and so on; oily dirt 
and grease; paints, tars, varnish and 
pitches, and acid fumes. These are 
given in the order in which they 
most frequently occur: Ordinary 
dirt is encountered more frequently 


than paints, tars or pitches, even 
though more lamps were selected in 
the latter class. 

By wiping the lamps taken for 
this test, it was possible to increase 
their average light output 68.6 per 
cent. When they were washed they 
showed a total increase of 86.3 per 
cent in illumination. The increase 
in the case of those soiled with oily 
dirt was 147 per cent. Emphasis 
should be given to the fact that these 
figures represent the increase in 
light due to cleaning the lamps only. 
A much greater increase in useful 
light will result when the whole 
lighting unit is cleaned. Hence, the 
figures in Table II show very plainly 
that the regular cleaning, at stated 
intervals, of lamps and reflectors is 
necessary in order to avoid much 
waste of electrical energy and light. 

The preceding paragraphs empha- 
size the fact that when lamps are 
not cleaned regularly they become 
very dirty, and the data given in the 
tables for lamps under service con- 
ditions demonstrate the surprising 
increase in illumination caused by 
cleaning. Inasmuch as it is neces- 
sary to clean lamps frequently at 
regular intervals, it may be ques- 
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tioned how the different classes of 
dirt are removed by progressive 
maintenance men. The answer is 
simple, because by far the greatest 
number of lamps may be cleaned by 
the application of soap and water. 
Dust and dry dirt, as well as oily 
dirt and grease, are removed by this 
method. It will be found easier, 
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however, to remove fly specks, smoke, 
oil and grease by the application of 
some cleaning agent such as Bon 
Ami, Old Dutch Cleanser, or Babbitt’s 
Cleanser. The procedure for a thor- 
ough job of cleaning usually involves 
the removal of a group of both lamps 
and reflectors to a central location 
for washing. If desired, lamps and 








Table I.—Increase in Illumination Obtained by Remov- 
ing Various Kinds of Dirt from Lamps in Service 

















































































































Increase 
b . , a After Increase in After in 
NoP Watts Kind of Dirt on Lamp Foot” Wiping Illumination, | Washing) [1jumin- 
Oo. ( =. (Foot- Per Cent Foot- ation, 
candles) | candles) candles) | Per Cent 
1 | 200 | Drymachineshopdirt} 14.0 23.0 64 23.0 64 
2. EEO): WEROREMVADOE® fs a00.0.5 54s 9s bOeLorcd-Set. Filament broken |........ ee 
3 | 200 | Dry machine shop dirt 5:5 16.0 191 16.0 191 
4 | 75 |Smoke and dust..... 8.0 11.0 38 11.0 38 
5 | 40 | Smoke and dust..... 4.5 8.5 89 8.5 89 
6 | 40 | Acid TOMBEO Ss 66k 7.0 11.0 57 11.0 57 
7 | 200 | Fly specks and office 
NER gn se cwtave osae sas 6 11.5 14.0 22 16.0 39 
8 | 100 | Rosin vapor.........] 2.75 3.75 36 3.75 36 
9 | 50 | UB: ie | ae 5 ee 6 2.75 57 2.75 57 
10 | 150 | Coke, lamp black, 
graphite dust...... 8.0 317.0 Nyy 17.0 112 
11 40 Dust and vapor from ba i 
lamp black manu- 
POROLC i oo icone oe ws 2.7 4.5 64 4.5 64 | 
12 40 | Dust and vapor from 
lamp black manu- | 
beac |! 1 ge 2.0 x, Saf 87 3.45 87 
13 100 Dust and vapor from 
coke, pitch and 
RMI AON s soe kccds ew o's ONS Severe aces Filament Broken |. é.6s:0.. st bilee’. a ereere 
14 | 100 |Cokedust.......-....| 2.75 | 6.5 136 6.5 136 
15 | 100 | IPaebOr BA DICH...) oc he ascca es Pilament brOWen: bo... Joc ee ees 
16 | 25 | Oily dirt from lathes. 1.5 Zt 83 5.0 234 
17 | 25 | Oily dirt from lathes.| 2.2 4.5 104 5.5 150 
18 | 100 | Asphaltum vapors...}| 8.5 11.0 29 11.0 29 
19 | 100 | Gum vapors......... 5.5 8.0 45 10.0 82 
20 | 40 | Dustfronipamtniixing!........ his ccces Filament broken |........]......... 
21 | 40 Se. SRS re ee Filament broken |........]......... 
me 1 @ )RiM....:.......... 3.6 | 5.5 39 8.0*| 122 
23 | 60 | Dry gypsum dust.... 8.0 10.0 25 10.0 25 
24 | 60 | Dry gypsum dust....} 11.0 14.0 27 14.0 27 
| | BREA ON 6 5 5.5.36 ae AGG: bias iors: Na utasiens GEG 86.3 














*Organic solvent used in cleaning this lamp. 








Table I1—Summary of Illumination Increases 


























Average Per Cent Average Per Cent 
Kind of Dirt on Lamp Illumination Illumination 
After Wiping After Washing 

1 2 SG Es ge C9, a ie ies 78.4 
2 1 1 GIS a = ae A =a a 84.7 147.0 
3 Peimits; tare ANG Pitches 2. o.4.6.4.000%.- atu 67.2 
4 PEMOME Sisco STG SAY « s daiden sew ie 

5 PUACMRMEEM Gs oh re is See wet e nlc: tieteheen es 68.6 86.3 











*Bulbs were badly attacked by hydrofluoric 








nitric acids; therefore candlepower measurements were not included. 


acid and bases badly corroded by muriatic and 
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reflectors may be cleaned without re- 
moval from the sockets, but the 
results are usually not as satisfac- 
tory. After washing it is important 
to dry the lamps and reflectors 
with a cloth or in dust-free air. 

Paints, tars and pitches are en- 
countered comparatively infrequent- 
ly, but are sometimes very difficu]+t 
to remove by the usual methods. In 
these cases an organic solvent such 
as acetone, fusel oil or benzol wil] 
usually remove the dirt quite easily. 
but caution is necessary in using 
them. Many organic solvents are 
highly inflammable and their use 
should be carefully supervised. 

It is the experience of the writer 
that a fair trial of the frequent ap- 
plication of soap dnd water for 
cleaning lamps and reflectors will re- 
veal a surprising increase of illu- 
mination and result in a verdict de- 
manding proper maintenance of 
lighting equipment. 


Better Methods of 
Handling Materials 


(Continued from page 45) 
installation by lifting them to the 
required position. 

Many special adaptations have 
been evolved. One of the best known 
of these is the furnace-charging 
truck which has now become a stan- 
dard type. The platform on this is 
merely a set of prongs extending 
forward from the truck. These are 
run under an annealing pot and 
lifted as with the ordinary lift truck. 
The pot is then moved anywhere and 
deposited in the annealing furnace. 
This is also used for discharging the 
furnace and can be operated when 
the furnace is even too hot for a 
man to enter and remove the pot in 
any other way. With this equipment 
a furnace can be charged or emptied 
within a few hours. A slight modi- 
fication of this truck has been espe- 
cially designed to use in lifting 
heavy boxes. Another modification 
is used to handle rolls of paper. 

As stated before in this article, no 
one type of material-handling equip- 
ment is always best, particularly 
when it is installed in an existing 
plant with limitations in the con- 
struction of the building and the 
arrangement of the departments. In 
such a case it is well to make pro- 
visions so that the material can be 
handled by any or all of the different 

(Continued on page 67) 
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THE FUNCTION of maintenance is 
to keep electrical and mechanical 
equipment at a high level of effi- 
ciency, for the purpose of securing 
maximum production at the lowest 
operating cost. Accomplishment of 
this function depends on three fac- 
tors: (1) Continuity of operation 
in the path of power service. (2) 
Prevention of avoidable causes of 
failure of equipment. (3) Con- 
servation of equipment by proper 
care and periodic overhauling. 
Analyses of maintenance work are 
given in this article under each of 
these headings. 


Some Whys 
and Hows of 


Maintenance 
Analyses and 
Procedure 


And Information 
Needed Before an 
Effective Mainten- 
ance Plan Can Be 


Laid Out 


By G. A. VAN BRUNT 
Managing Editor, Industrial Engineer 


ROM a production standpoint 

the function of maintenance 

in plant operation is to keep 
the equipment on a high level of 
electrical and mechanical efficiency 
and thus make it possible to secure 
maximum and, so far as possible, 
uninterrupted production at mini- 
mum cost. The fulfillment of this 
function is primarily dependent on 
the recognition and thorough and 
proper analysis of three essential 
factors: 

(1) Continuity of operation in the 
path of power service that extends 
from the point where electrical en- 
ergy is received in the plant to the 
pulley of the machine where this 
service is used in machine produc- 
tion, or the point where this serv- 
ice is transferred or taken up by a 
machine and an operator, or by a 
process and a chain of machines, 
in the details of making a particu- 
lar product or parts of it. 
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The need for inspection and cleaning of motors under operating conditions such 


as shown here is self-evident. 


Without it continuous motor service is simply 


a matter of good luck rather than foresight 


(2) Prevention of avoidable 
causes of expensive failures by the 
prompt detection of all weak parts 
and indications of wrong applica- 
tions or abuse, by observation and 
inspection of equipment while in 
operation. 

(3) Conservation of equipment 
from deterioration caused by nat- 
ural wear and tear, through peri- 
odic overhauling, by proper atten- 
tion to lubrication, and the imme- 
diate renewal or repair of broken 
parts or those that show defects 
which make further operation haz- 
ardous. 


MAINTENANCE EMBRACES INSPEC- 
TION AND REPAIRS 


Effective organization for mainte- 
nance work must be based on a clear 
conception of the problems in hand, 
as indicated by the number and 
character of the machines and aux- 
iliary equipment, the nature of the 
product and the character of the 


production processes, figures on ma- 
chine production, speeds and other 
data, as well as costs per hour and 
per unit of production. With these 
elements in mind, there must also be 
made a thorough pre-analysis of the 
probable weak points and causes of 
failure in various pieces of equip- 
ment, with a careful reckoning of 
the consequences of such failure, in 
order that the work may be properly 
directed and emphasis placed where 
it belongs. A production chain is 
no stronger than the weakest part 
of the drive and control equipment 
through which power service is sup- 
plied to the machines in this chain. 

The procedure of maintenance 
work involves systematic and thor- 
ough inspection of all equipment by 
competent workmen and at intervals 
which in view of service conditions 
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are short enough to locate weak 
spots before an actual failure takes 
place. It also involves provision of 
the proper facilities for making nec- 
essary repairs or adjustments either 
with the equipment in place or after 
it has been removed to a repair shop, 
if much work has to be done on it. 

Inspection consists, of course, of 
a careful examination of equipment 
for the purpose of determining 
whether defects are present and in 
keeping a close watch of the oper- 
ating condition of equipment and 
parts where trouble is most likely to 
develop. Some pieces of equipment 
and certain elements of each piece 
are much more liable to develop 
trouble than others; therefore in 
many cases a unit may be given a 
thorough going over once a week or 
once a month, while the inspector 
on his daily rounds will examine 
only those parts of it which are 
prone to develop trouble quickly. For 
example, the monthly examination 
of a motor and its control may in- 
volve testing the air gaps, careful 
examination of commutator and 
brushes, listening for unusual noises, 
smoothing contact surfaces of the 
line switch and starter, and so on. 
In the daily round he may merely 
feel of the motor bearings and coils 
to see if there is undue heating, and 
observe the operation for a moment 
to see that it is normal. 


INSPECTION SCHEDULES SHOULD BE 
BASED ON A THOROUGH KNOWL- 
EDGE OF CONDITIONS 


The frequency and thoroughness 
of inspection depends in general on 
the severity of service conditions 
and also on the importance of conti- 
nuity of operation. These factors 
and any others which are pertinent 
should be carefully considered when 
an inspection program is being laid 
down. In cement mills, for example, 
the air is constantly filled with a 
fine, more or less abrasive dust 
which rapidly cuts out bearings and 
wears down the commutator and all 
other moving parts. On the other 
hand, the failure of certain motors 
would seriously interfere with pro- 
duction by making it necessary to 
shut down other machines in order 
to prevent the piling up at certain 





Steel mill motors are often exposed 
to extremes of heat and cold and 


dampness. 
This is an 18-in. structural mill, compris- 
ing two 3-high and one 2-high roll stands, 
capable of rolling 7-in. I-beams and 4-in. 
by 4-in. angles. This mill is located in the 
South Bethlehem, Pa., plant of the Bethle- 
hem Steel Co. 
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points of materials in process. 

Under these conditions, frequent 
and thorough inspection of all mo- 
tors is essential for the continuity 
of production and the prevention of 
serious damage to the motors. In 
one representative cement mill, for 
example, where 235 motors are in 
operation, each one is carefully in- 
spected eight times every twenty- 
four hours by a corps of three in- 
spectors who work in 8-hour shifts, 
so that an inspector is always on 
duty. 

The inspector on the first shift 
starts at 7:30 a. m. and works until 
3:30 p.m. He is required to inspect 
every motor in the plant twice dur- 
ing this period. These inspections 
include feeling the bearings to de- 
tect undue heating, looking at the 
commutators and brushes, examin- 
ing starting boxes, switches and 
fuses and checking the air gaps of 
the motors. In addition he replaces 
short or defective brushes. An av- 
erage of forty brushes is replaced 
each day. Incidentally, brushes are 
replaced and the air gaps tested 
while the equipment is in operation. 
The inspector on the second shift, 
from 3:30 p.m. to 11:30 p. m., makes 
three complete rounds of the plant 
and oils all of the motors, besides 
inspecting commutators, brushes, 
switches and fuses, and feeling of 
the bearings for heating. 

On the third shift, extending from 
11:30 p.m. to 7:30 a.-m., the in- 
spector makes three complete rounds 
and handles any emergency repair 
work such as changing brushes, and 
so on. So far as possible, heavy 
repair work and replacement of 
equipment is done only in the day 
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time; therefore, before the inspector 
on the third shift goes off duty in 
the morning he notifies the chief 
electrician of any equipment which 
needs immediate attention. 

Aside from the three inspectors 
whose duties have been outlined, 
heavy repairs and replacements are 
handled by a maintenance crew con- 
sisting of an assistant chief electri- 
cian and four men. These men 
change armatures and bearings, wind 
armatures and field coils, prepare 
bearings, turn armature shafts, re- 
pair starting boxes and do any other 
repair work that turns up. 


ELECTRICAL EQUIPMENT IN STEEL 
MILLS IS GIVEN UNUSUALLY 
HARD SERVICE 


Very severe, but different operat- 
ing conditions are met in steel mills. 
Here the units are for the most part 
large, while the loads are heavy and 
subject to wide and rapid fluctua- 
tions which put unusual stresses on 
bearings, pinions and other parts of 
the system. In addition, the direc- 
tion of rotation of many of the mo- 
tors is frequently and quickly re- 
versed, which increases wear and 
tear. There is less dust and abra- 
sive matter in the air than is found 
in cement mills, but the combination 
of steamy or greasy atmosphere 
with metal and carbon dust, derived 
in part from the brushes on the ma- 
chines, causes a good deal of trouble. 
Unless this dust is removed fre- 
quently it will form a leakage path 
between the slip rings and may 
break down and cause flashovers 
when an attempt is made to start 
the motor. 

Another condition which adds to 
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the severity of the service is the 
constant starting and stopping, so 
that the motors, in many instances, 
operate a large part of the time un- 
der starting conditions. This means 
that commutation is poorer than in 
the case of motors which operate 
more or less continuously, and that 
all parts of the machine are sub- 
jected to unusually hard duty. 

Again, motors in some locations, 
for example, around furnaces or on 
cranes which handle ladles of molten 
metal, are exposed to comparatively 
high temperatures, a condition which 
is not conducive to long life. 

Here, also, the failure of an im- 
portant crane or mill motor may not 


only produce a serious break in the 
chain of production, but cause con- 
siderable loss by leaving tons of hot 
metal in a partially finished state. 
In order to prevent such occur- 
rences, a close watch in the form of 
daily inspection and cleaning must 
be kept of all motors and control 
equipment. As an example of what 
this involves, the schedule followed 
in one large steel mill is of interest. 
A daily inspection is made of all 
important equipment to detect any 
symptoms of trouble in operation. 
In addition to the inspection, once 
each week all motors, controllers and 
switchboards are cleaned, carefully 
inspected and any worn or defective 
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Failure of this crane may cause 
serious delay and loss. 

This is a 714-ton, stiff-leg type crane, with 
a 60-ft. span and equipped with five mo- 
tors. It handles hot metal in and out of 
the soaking pits in the plant of the United 
Alloy Steel Corporation, Canton, Ohio. 





parts repaired or replaced. Every 
two weeks the air gaps on all motors 
are tested, all master and drum con- 
trollers overhauled, and the opera- 
tion of magnetic controls inspected. 
Magnetic controls are carefully in- 
spected and all circuit breakers over- 
hauled at intervals of three weeks. 
At four-week periods the collector 
rings are cleaned, oil switches and 
brushes on all apparatus, including 
motors, overhauled, all motors are 
tightened up, pulleys and couplings 
inspected, rotary, direct-current 
breakers tested and the voltage drop 
on all circuit breakers determined. 
Other inspection, testing or over- 
hauling operations are scheduled at 
intervals of six weeks, two months, 
three months, and so on. 


MATERIAL-HANDLING EQUIPMENT 
MAY BE THE KEY TO CON- 
TINUOUS PRODUCTION 


In the instances which have just 
been cited particular emphasis is 
placed on keeping in service the mo- 
tors driving the various machines in 
the production scheme. Sometimes, as 
in the case of plants which turn outa 
very bulky or heavy product, the key 
to continuous production lies in the 
cranes or similar material-handling 
equipment which is employed to 
transport the product or its compo- 
nent parts from one machine or op- 
eration to another. Under these con- 
ditions, while the failure of a motor 
driving a machine tool may cause 
annoying delays and loss of produc- 
tion, it will usually not be so serious 
as the failure of a crane which 
serves a number of machines. In 
this case all of these machines may 
have to stand idle until the neces- 
sary repairs can be made and the 
crane put into service again. 

An example of these conditions is 
found in a large plant which makes 
screws and bolts exclusively. Prac- 
tically all of the raw material and 
finished product is handled to and 
from the machines by eight electri- 
cally-driven traveling cranes, several 





A 30-in., 3-high billet mill. 


This mill is equipped with combination 
tilting, lifting and traveling tables. It is 
located in the Lebanon, Pa., plant of the 
Bethlehem Steel Company and is used for 
reducing 14-in. by 14-in. ingots down to 
2%-in. to 4-in. billet. The motor is pro- 
tected by housing it in a separate room. 
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of which serve a number of ma- 
chines. Inasmuch as the failure of 
one of these cranes will tie up pro- 
duction in a very short time, every 
effort is made to keep the cranes in 
good operating condition at all times. 
To this end a very thorough inspec- 
tion of all cranes is made every Fri- 
day. At this time the motors, 
brushes, switches, controller, gears, 
bearings, tracks and wheels, sheaves, 
hooks and chains, in fact every part, 
of the crane is carefully examined 
‘ and an inspection report form made 
out showing the condition of these 
parts. These report forms are given 
to the assistant chief electrician. He 
notes the items carefully and turns 
them over to the chief electrician, 
who checks in red the repairs he 
wishes to have made at once. In 
this way both the assistant and the 
chief electrician have at all times an 
accurate knowledge of the condition 
of the cranes and the extent and 
character of the repairs which are 
necessary. 

This should not be taken to mean 
that the motors and controls of the 
machines which turn out the plant’s 
product are neglected. These are 
subjected to an inspection routine 
which is adequate and rigidly en- 
forced. But, as is proper, more em- 
phasis is placed on keeping the 
cranes, which are the key to the pro- 
duction program, in the best possible 
working order. 

Somewhat different conditions ob- 
tain in plants where each machine 
turns out a product that is either 
practically ready for the market, or 
is sent to stock to be withdrawn 
later on. In such cases the loss of 
the services of one or two machines 
through failure of the motor or other 
power equipment will not seriously 
interfere with the production of the 
plant as a whole. A case in point 
is found in a certain plant whose 
product consists of a large number 
of small parts. Practically all ma- 
chines are individually driven and 
with a few exceptions a number of 
machines are employed to turn out 
the same part. As they come from 
the machines all parts are sent di- 
rectly to the stockroom and with- 
drawn in accordance with the needs 
of the assembly department. A suffi- 
ciently large stock of each part to 
supply the assembly department for 
some time is kept on hand; there- 





Lack of attention to motors oper- 
ated under conditions like this is the 
cause of high repair bills. 
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fore, the failure of a motor which 
drives one of the lathes or punch 
presses is not immediately serious, 
from the production standpoint. Of 
course, failures are expensive under 
any circumstances, in that it costs 
money to replace and repair a motor 
and to have workmen and machines 
stand idle, and every reasonable pre- 
caution is taken to avoid them. In 
this plant, experience coupled with a 
careful balancing of the cost of in- 
spection against the probable fre- 
quency and seriousness of motor 
failures has shown that a careful ex- 
amination of all motors once or 
twice a week, with a complete over- 
hauling every six months, will serve 
to keep them in good condition and 
reduce to a minimum the failures 
from preventable causes. 








WRITTEN SCHEDULES FOR MAINTE- 
NANCE WORK AVOID CONFUSION 
AND FIX RESPONSIBILITY 


After the analysis of the objects 
to be accomplished and the decision 
as to the methods of attacking the 
problems, there must be provided 
schedules or written instructions 
covering: (1) Daily routine duties; 
(2) periodic inspections of machines 
and equipment; (3) periodic over- 
hauling of machines and equipment; 
(4) procedure for scrapping or 
placing any piece of equipment on 
the obsolete list. Unless this is 


done, vital points in the maintenance 
program are almost certain to be 
overlooked or misunderstood and it 
will be difficult to fix responsibilities 
definitely. Some system of inspec- 
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tion and repair reports must also be 
worked out in order that a proper 
check can be kept on the work. In 
the absence of some method of 
checking, interest will lag, the hard 
jobs will be overlooked or slighted 
and haphazard guesswork will take 
the place of the definite, clear-cut 
methods of procedure which are es- 
sential if the desired results are to 
be obtained. 

This does not mean that mainte- 
nance work should be bound up hand 
and foot with red tape. It is unrea- 
sonable to ask a man who is inspect- 
ing every motor in a iarge plant 
three times a day to make a detailed 
report of each inspection. It is just 
as bad, or worse, not to require any 
reports. It is possible, however, to 
work out, somewhere between these 
extremes, a system of inspection re- 
ports which will be adequate under 
the character of the operating con- 
ditions which obtain. 

For example, in one plant which 
operates a large number of small 
and medium-size motors, the inspec- 
tion schedule calls for a thorough 
examination of each motor once a 
week. Most of the machines in this 
plant are individually driven, and 
inasmuch as the service conditions 
are not unduly severe, a weekly in- 
spection has been found to be satis- 
factory. The inspector carries with 
him in his rounds a report form on 
which is entered the number of each 
motor. Opposite this number there 
are four columns, each headed by 
the date on which the inspection is 
made. (Continued on page 65) 
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OR INDUSTRIAL ENGI- 
NEER this issue marks 


A Happy 
New Year its first birthday under 
to You All that name and its present 








scope of service to men in 
industrial works. The occa- 
sion is a particularly fitting one as we look into a new 
year with new hope and new inspiration, to express 
appreciation for the full measure of co-operation that 
127 contributors have given us during the year past 
and to wish for the 15,000 men who make up our family 
of readers Health, Happiness and Prosperity during 
the year we are just beginning. 





———_>——— 


ONCLUSIVE proof of 
the value of organized 
inspection and maintenance 
work in preventing fail- 
ures and reducing the cost 
of repairs to equipment 
was recently obtained by a well-known company, which 
operates about 3,000 motors and 300 traveling cranes 
in a works covering many acres of ground. 

When the business depression came very radical 
reductions were made in the number of employes, 
particularly “non-producing” labor. Most of the elec- 
trical department inspection and repair crews were 
included in this category and in consequence systematic 
maintenance work was practically abandoned. As was 
to be expected, the power and control equipment got 
into such bad shape that when business revived the 
necessity for proper inspection and repair work could 
not be denied. 

After a thorough study of the situation a carefully 
planned schedule of inspection, cleaning and oiling of 
all electrical equipment was instituted. When it had 
been in effect for some months, the cost of inspection, 
oiling and cleaning was found to be about $1.50 per 
motor per month. The credit side of the ledger showed 
that the shutdowns due to failures of electrical equip- 
ment had been reduced 75 per cent. In other words, 





An Ounce of 
Inspection vs. 


A Pound of Repair 











three failures out of four could be prevented by spend- 
ing $1.50 per month in maintenance work. Anyone 
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who is responsible for production or maintenance knows 
that even a minor breakdown of a motor or other. inter- 
ruption to power service may cost many times this 
amount. 

With some variation in details this same incident has 
been, or could be, told of nearly every industrial works. 
It is cited as showing the fundamental truth of the 
saying: “An ounce of prevention is worth a pound of 
cure,” which bit of wisdom is so old that apparently its 
very antiquity sometimes keeps it from being taken 
seriously. 





sailemaeiliniatticsins 
N a recent address on 

The Remedy “Conservation of Plant 
for Breakdown and Equipment,” Emil J. 
Alibis Schmidt, Industrial Engi- 
neer with Sewell-Clapp En- 











velopes of Chicago, started 
out with this sentence: “A smooth running plant is 
no accident.” Then he proceeded to analyze the vital 
steps embraced in conservation and in dealing with 
plant operation, he said: 


“How is maintenance handled? Is there a separate 
department for it? How is it controlled? What equip- 
ment in particular has the maintenance department for 
doing its own work? We need all the available figures 
on machine production, speeds and other machine data, 
costs per hour and per unit of production. 

Get the facts! All the facts! Analyze the facts! The 
management is then in a position for setting standards, 
based on definite policies. These had better be written, 
to be clear and concise. Standards would include per- 
formance, maintenance expense and also standards of 
supervision. 

Schedules or written instructions can then be provided 
for: (a) Daily routine duties of functions in maintenance 
work; (b) Periodic inspection of machines and equip- 
ment; (c) Periodic overhauling of machines and _equip- 
ment; (d) Procedure to be followed when any piece of 
equipment is scrapped or placed on the obsolete list. 

The best system, the most alert executive, will not 
succeed fully without co-operation. This is particularly 
true of maintenance work. The engineering department, 
superintendents, foremen, all must co-operate fully in 
order that the maintenance department can really do all 
that the executive expects. The first-class executive (and 
this is the only kind that we are discussing) knows this, 
and he will see to it that co-operation is secured. 

In all of this, if it is to be thoroughly analyzed and 
handled, need we say that the industrial engineer, or 
someone who has his viewpoint and uses his technique, is 
absolutely indispensable ? 


Unquestionably it is this kind of thinking that is 
most needed in all industrial works where new produc- 
tion schedules and new plans are being laid on which 
future profits will depend. This thinking from a pro- 
duction standpoint must be injected all along the line 
from the receipt of an order from a customer down 
through all the processes to the shipping platform. In 
this issue another phase of the same thinking is taken 
up by Arthur J. Whitcomb. In the first of four articles 
he lays down the basis for an accounting of mainte- 
nance procedure while the work is going on as a per- 
petual check on the cost of the unexpected that shows 
up in breakdowns, losses in production at machines 
and in entire departments. Such an index to produc- 
tion costs cannot be figured accurately in advance but 
the data from a perpetual accounting of procedure in 
maintenance will show up certain plant deficiencies in 
equipment and methods without the painful post 
mortems at the end of each quarter of the year when 
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discussions on dividends bring up facts and figures 
and plenty of alibis and explanations for the things 
they should not show. 





—— 
N HIS contribution to 
Key our analysis of main- 
Motor tenance practices presented 
Installations in the table on page 32 of 


this issue, J. H. Gallant, 

Chief Electrician of the 

Canada Cement Company, Belleville, Ontario, uses the 

term “Key motor installations.” He applies it to the 

use of motors on conveyors, elevators and the like, 

which carry materials or parts in process to or from 
machines or other departments. 

This is a very apt term. It calls attention to a point 
in the chain of power service in any works where this 
sort of equipment is installed, that must be strong 
enough to take more than ordinary jolts during its 
entire period of service. When equipment is new and 
running nicely, failures at these points are not expected, 
but the inevitable weakening as the result of natural 
wear and tear must be taken into consideration if the 
strength of this link in the chain is to be maintained 
at its original value. This means regular and periodic 
inspections, replacement of worn and weak parts as the 
inspectors locate them; and a thorough overhauling at 
such intervals as the records of inspections will indicate 
are necessary. 

It is an unfortunate condition when these key motor 
installations are ignored until a breakdown takes place,. 
for then an emergency situation is created that must 
be attended to like a fire with an unavoidable waste in 
production, time and often materials in process, espe- 
cially when hot metals are being handled—a waste that 
depends entirely upon how quickly steps in repair can 
be set in operation. The old saying that “A stitch in 
time will save nine,” is a good one to put into actual 
practice in the maintenance of these key motor installa- 
tions. 





— 


N A CONVERSATION 

with an engineer who 
has had many years of ex- 
perience in maintenance 
work, he recently said: 
“When a man has to fight 
with his boss at every turn of the road to get permis- 
sion to do his work properly, he surely has a life-sized 
job on his hands.” The truth of this statement is ap- 
parent without argument or demonstration. Anyone 
who is handling a real job in the way it should be 
handled usually has his full share of burdens, under 
the best of circumstances. But if, in addition to his 
work, he has to contend with a hostile, penny-wise-and- 
pound-foolish managerial policy, his load is increased 
manyfold. 

Failure to appreciate the importance of maintenance 
work is, no doubt, often due to the fact that it is hard 
to show in dollars and cents just what the returns are. 
Maintenance is not a gold bond bearing a guaranteed 
rate of interest, payable quarterly. It is insurance 
against costly interruptions of production through the 
failure of equipment. It has justified itself if it has 





Is Maintenance 
Work a Luxury 
or a Necessity? 
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kept the wheels turning by the elimination of all pre- 
ventable causes of failure. Some conception of the value 
of maintenance work can be obtained by calculating 
what it would mean in loss of production, wages of idle 
employes and so on, to lose through breakdowns the 
service of an important motor and its driven machine 
for one hour. If this were an actual occurrence there 
would have been added to the above figure the cost of 
repairing the motor, which might easily amount to a 
hundred or more dollars. While this is not an insignifi- 
cant item, the other losses may be much greater unless 
production can be started again either through the 
substitution of auxiliary or stand-by equipment. A few 
such failures in the course of a year would pay for a 
good deal of maintenance work. Needless to say these 
truths are just as applicable to the maintenance of 
lighting, call or alarm systems and similar factors as 
to motors and the mechanical equipment with which 
they are associated. 


——_<.——_—_—_ 


HIS ISSUE of INpDus- 





The Aim TRIAL ENGINEER starts 
of This the second year of its serv- 
Issue ice to men in industrial 





works responsible for the 
operation and maintenance 
of electrical and associated mechanical systems. In the 
twelve issues that have gone before, specific instances 
have been dealt with where special attention has been 
directed toward maintenance thinking and maintenance 
needs, and information given on the analysis of the 
work involved and the results secured. In each case 
the: “hows” and the “whys” of maintenance ‘have been 
discussed so that the men who are planning this 
work and those who are carrying out the details can 
go where they are looking and look where they are 
going in contrast with the futility of the blind trying 
to lead the blind. 

In studying maintenance problems during the past 
twelve months the occasion has repeatedly come up to 
compare the methods followed in one large works with 
those of another and the results of each. In every 
case the variations in the results secured seem to lie 
in the degree of organization of maintenance work and 
the kind of facilities present to carry it out. In other © 
words, the results are a measure of the kind of thinking 
that is given to maintenance needs by those who have 
the ability and experience to work out the practical 
applications. 

In this issue, therefore, we have assembled articles 
that represent the backbone of maintenance thinking 
and in an analysis of maintenance procedure of seventy- 
four industrial works, a picture is presented of how this 
work is being handled and the attention devoted to it. 
This particular analysis deserves a great deal of study. 
It is the first complete report of its kind to be presented 
as far as we know and it will be improved and made 
better'in each January issue of INDUSTRIAL ENGINEER 
hereafter. 

If any of our readers spot particular points of 
interest on which they would like special or detailed 
information, the editors of INDUSTRIAL ENGINEER will 
welcome such requests. Investigations will be made 
along the lines suggested and the results presented in 
the issues of 1923. 
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Who Can Answer 
These? 


Construction of Testing Transformer— 
I would like to know how to make a 
small transformer for testing pur- 
poses that will step up from 110 
volts, 60 cycles to 550 and 1100 
volts. Please give the size of wire 
for the primary and secondary and 
show by a diagram how to put on 
the windings and make the taps. 
Also give dimensions of the core and 
insulation that should be used. 
Tyrone, Pa. Re Ree A 

* * * * 

What Makes a Safety Switch Safe?— 
When installing safety switches the 
user has in mind protection from 
fire and safety hazards. I would like 
to see published in INDUSTRIAL EN- 
GINEER comments from both users 
and manufacturers of safety switches 
on what they consider the essential 
points in the construction and use 
of the enclosed type safety switch. 
Detroit, Mich. J. H.R. 

* * * 

Trouble With Brushes—I have a 200 
kw. d.c. generator driven by a syn- 
chronous motor. The brushes groove 
badly but do not are. They are stag- 
gered and the commutator has been 
slotted and turned. The brushes 
seem to show a hard spot and cut 
the copper. This machine has a vary- 
ing load and operates at 1200 r.p.m. 
A remedy for this brush trouble will 
be appreciated. 

Madrid, Iowa. F. M. 
: £ & 

Cutting Out Coils in D. C. Machines— 
In the August number on pages 386 
and 387 I was interested in the draw- 
ings by A. C. Roe. In the four- and 
eight-pole armatures I have noticed 
that the slots and segments were an 
odd number, while in the six-pole 
armatures the slots and segments 
are an even number. Will someone 
explain whether or not it makes any 
difference if the slots and segments 
are even or odd in both lap and wave 
windings when cutting out coils? 
Richmond, Va. Bo: a3.. Ri. 

* * * * 

Expansion and Contraction of Steel 
Trolley Bar—What allowance must 
be made for expansion and contrac- 
tion, due to changes in summer and 

winter temperatures, of a_ steel 

trolley bar 625 ft. long on an out- 


question 
can answer from your 
experience. 





= Questions Asked “. 
) and Answered 


byReaders 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when he asks a 


Grovetienl GAL” 


that you 






side crane runway? This will be a 
(10 point carbon composition) rod 
0.342 in. in diameter with supports 
10 ft. apart. What is the best 
method of anchoring this rod to al- 
low for this expansion? 

Gary, Ind. A. L. G. 

* * * * 

Reconnecting Motors for Half Speed.— 
We have two 7%4-hp., 60-cycle, 220- 
volt motors operating at 1800 r.p.m. 
These motors are connected in two- 
parallel delta. They have 40 slots 
with 4 coils in a group. Is it possi- 
ble to reconnect the winding for a 
speed of 900 r.p.m. and get as good 
performance from the motors as 
when they were connected for 1800 


r.p.m.? 
Medina, O. ORE ae. ie 
* 


ok * * 

Why Does This Motor Reverse?—What 
would cause a 2-hp., d.c. compound 
motor, when a heavy load is thrown 
on, to reverse its direction of rota- 
tion? It can be started in one direc- 
tion and then stopped and the next 
time it is started it may run in the 
opposite direction. 

Toronto, Canada. J... 





Answers Received 


To Questions Asked 


Heat Resisting and Insulating Cement. 
—I have been referred to the INDUS- 
TRIAL ENGINEER by the A & M Col- 
lege of Texas for a good type of heat 
resisting and insulating cement and 
also a kind of insulation that will 
take the place of porcelain. We de- 
sire an insulating material that can 
be shaped, drilled when necessary 
and will stand heat if exposed to fire. 
Any information you can furnish will 
be appreciated. 

Bartlett, Tex. A. C. H. 


In answer to the question by A. 
C. H. of Bartlett, Texas, as to a heat 
resisting insulation which can be 
drilled and shaped, I would recom- 
mend Bakelite. It can be used for 
dipping or in its hard form it can 
be shaped, drilled, turned and tapped. 
The hard form can be bought in 
sheets or plates like fiber, tubes, 
rods, etc., and specially molded. It 











is fire and water proof and a very 
good insulator. Bakelite can be 
bought from the manufacturer in 
liquid form, or hard form, and it 
stands heat like mica and will not 
soften. It is made by the General 
Bakelite Company, New York City. 
Chicago, Ill. CARL STEINIGER. 
* * * * 

In answer to A. C. H., whose in- 
quiry was published in the Novem- 
ber issue, we have found liquid glass 
(Na, Si, O,) to be a good heat resist- 
ing insulating cement for many pur- 
poses. When mixed with soapstone 
powder it makes a good insulator. 
It may be mixed up to any consis- 
tency from paint to plaster, and will 
air dry or may be baked. A brick 
made of it may be machined or 
drilled. Try it for covering a resis- 
tance or heater coil wound on an 
asbestos tube, or for repairing. 

Lead, S. Dak. R. F. CRAWFORD. 


* * * * 

In regard to the inquiry in INDUS- 
TRIAL ENGINEER by A. C. H., con- 
cerning heat resisting and insulat- 
ing cement, I would refer him to 
D. M. Stewart Manufacturing Co., 
Chattanooga, Tenn., manufacturers 
of “Lavite,” which I think would 
answer the purpose. The American 
Lava Corporation, 1419 William St., 
Chattanooga, Tenn., is also engaged 
in the same line. 


Chief Engineer, PHILIP N. EMIGR. 
Mountain Water Supply Co., 
Indian Creek, Pa. 


* * * * 

Remagnetizing Magnets.—Please show 

a good method for remagnetizing 

magnets such as used in magnetos 

and kilowatt-hour meters. 

Dixon, IIl. G. L.. Ht. 

When the permanent magnets of 
a watthour meter become weak 
through accidental short-circuit or 
lightning stroke, it is very easy to 
remagnetize them by removing them 
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from the meter, wrapping with a 
short piece of heavy flexible wire as 
shown in the accompanying illustra- 
tion and making several _short- 
circuits on a well-charged auto- 

















Storage bailery 
x 6 vols _ 


























Proper direction of current flow for 
remagnetizing magnets. 





starting storage battery. These 
“shorts” should only be a fraction 
of a second in duration or the wire 
will become hot; and the actual 
time required by the current to do 
the magnetizing is almost inappre- 

‘ciable. It is advisable to get the 
polarity correct. This can be best 
accomplished with a compass, using 
the right-hand rule for current flow 
and magnetism. The accompanying 
sketch will show the relation be- 
tween direction of current and mag- 
netic polarity. 

If a good battery is not available, 
connect to a d. c. generator of at 
least 50 kva. capacity in series with 
a single pole knife switch and about 
a 30-amp. fuse. Close the switch 
quickly, thus making a “dead” short 
and blowing the fuse. It is advisa- 
ble to make 2 or 3 “shorts” to in- 
sure saturation of the iron. 

The magnet may also be magnet- 
ized by blowing a fuse on a 25-cycle 
circuit, but although the fuse always 
blows on the peak of the wave, the 
polarity will be unknown and only 
one “short” should be made. 

The magnet is now fully saturated 
and should be artificially aged to 
insure permanence. This is done by 
passing about 100 amp.-turns of 60 
or 25 cycles around the magnet. For 
instance, if we have 10 turns per 
magnet, then pass 10 amps. Eight 
turns, pass 12 amps., etc. This must 
be passed by building the current 
from a low value to its maximum by 
means of an adjustable liquid, car- 
bon, wire slide or reactive resistor. 
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Let the current stay at its maximum 
for about 2 minutes, gently tapping 
the magnet with a brass rod if de- 
sired, and then decrease the current 


gradually. The circuit must not be. 


broken quickly on a. c. current. 

If after replacing the magnet on 
the meter it is too strong to allow 
adjustment, it may be removed and 
aged with 150 or 200 amp.-turns a. c. 
until it has the proper strength. 

Aging may also be accomplished 
by using a coil of wire about 6 
inches in diameter, wound with 1,200 
or 1,100 turns of about No. 24B. &S. 
copper. Connect this coil to a 110- 
volt, 60-cycle circuit and hold it 
about 5 or 6 inches from the mag- 
nets, the exact distance depending 
on experiment, to determine how 
much demagnetizing is required. 


Summit, N. J. Victor H. Topp. 
* * * * 


Device for Testing Windings of Small 
Motors.— Will someone be _ good 
enough to describe a small testing 
transformer or similar device such as 
described on page 45 of the January 
issue of INDUSTRIAL ENGINEER, that 
can be used for testing the windings 
of fractional horsepower motors for 
short-circuits, grounds, open circuits, 
and the like? 
Nanty-Glo, Pa. S. J. S. 


Regarding the request of S. J. S. 
for a simple test to locate grounds 
and short circuits in small stators, 
the following will describe a testing 
outfit for use on 110 volts, 60 cycles, 
which we made in the shop. We re- 
moved the shaft from an old d. c. 
fan motor armature and cut off the 
teeth as shown in the accompanying 
sketch. A slot was then cut in one 
side to allow the wires of the wind- 
ing to be inserted in the hole for- 
merly occupied by the shaft. A 
thousand turns of No. 34 double- 
silk-covered wire were wound on. 
After the winding was put in, 
wedges were inserted to hold it in 
place. Lamp-cord leads were fas- 
tened to the growler and taped. 





Growler used to locate grounds and 
shorts in small stators. 
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this small 
growler is placed on the stator teeth 
and a tin feeler is used across the 
slots, one coil pitch in advance of the 


To test for shorts, 


growler. If the tin vibrates there 





One tooth cut out. _-4000 turns of No.34 
'  double-silk-covered 
wire 





J» X 


Wire wrapped 


Teeth rer a . 
from Rade cs ee Fi iber Weage 
Slot cut through to shaft hole 
to. pass wire through 











Details of construction of small 
growler. 





is a short in that slot. To test for 

grounds, place the growler on the 

core and then touch one lead of the 
stator winding to the iron core. If 

a spark is produced, the winding is 

grounded. This test_can be made 

after a stator is rewound and before 
connecting it up. Try each coil in 
the starting and running winding. 

The slot the ground is in can be lo- 

cated by making a good steady con- 

tact with one lead of the grounded 
coil to the stator core; then apply the 
growler and use the tin feeler to 
bridge the slots until it vibrates. 
Detroit, Mich. A. C. Roe. 
* * * * 

Small Condenser for 110-Volt A. C. 
Circuit—I want to make some ex- 
periments with condensers on a. c. 
circuits of 110 volts, the capacity of 
the condensers to be approximately 
ene microfarad. 1. Where can I ob- 
tain the necessary sheets of tin foil ? 
2. What should I use for the dielec- 
tric? 3. Where can I obtain same? 
4, What thickness should the dielec- 
tric be for 110 volts a..c.? I have 


never seen any of this material ad- 
vertised, consequently this request to 


you. 
Logansport, Ind. L. E. G. 


If you desire only a small number 
of condensers of 1 m.f. capacity, it 
would undoubtedly be best to pur- 
chase them from some electrical 
store, or, if you are not able to do 
this, I would suggest getting a tele- 
phone condenser through your tele- 
phone exchange. A 1 m.f. condenser 
should not cost over $1.50 or $2, 
which would be much less than you 
could make the condenser for. 

In making such a condenser alumi- 
num foil is usually used at the pres- 
ent time and can be obtained from 
the Aluminum Company of America, 
which has offices in all large cities. 
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The thinnest foil made by this com- 
pany, which measures about 1% mil 
in thickness, is the foil used. The 
dielectric is paper and the thickness 
of this paper runs from 1% to %4 mil. 
This paper is very difficult to get, 
as it has to be purchased under 
specifications as to freedom from pin 
holes and conducting particles. Good 
specifications limit these conducting 
particles to sixty per square foot. If 
you intend to make your condenser 
of sheets stacked by hand probably 
the best paper that you could get 
would be a good grade of closeiy 
woven toilet paper of the thinnest 
tissue possible. This, I understand, 
is the thinnest commercial paper 
made. About two sheets of this 
paper should be sufficient for 110 
volts. It would require about 18 sq. 
ft. of foil for 1 m.f. capacity when 
spaced with two sheets of %-mil 
paper. After the condenser is formed 
it should be impregnated with par- 
affin under a vacuum. 
L. J. MERRILL. 


National Electric Condenser Co., 
Philadelphia, Pa. 
* * 


* * 


Changing Single-Phase Motor to Three- 
Phase.—I wish to change a Wagner 
motor over from single-phase to 
three-phase. What will be the re- 
quirements? Should I short-circuit 
the commutator? Will there then be 
enough copper in the rotor? I shall 
have to change the stator and dis- 
tribute the winding from four 
concentrated poles to four or six 
distributed poles. Should I use the 
same length and gage of wire to do 
this or should I figure on more wire 
and a smaller size? The motor has 
No. 12 or No. 13 in the fields now. 
Ardmore, Okla. R. W. McMurray. 


The stator winding will have to be 
redesigned for three-phase opera- 
tion. The method outlined in A. M. 
Dudley’s book, “Connecting Induc- 
tion Motors,” could be used.. Regard- 
ing the rotor, after the stator has 
been rewound for three phase, the 
commutator on the rotor could be 
shorted and the motor tried out un- 
der load conditions to see if the 
present rotor winding will develop 
enough starting torque to start its 
load. If O. K., the brush rigging 
and centrifugal device can be re- 
moved and the commutator perma- 
nently shorted by burring over the 
commutator bars. 

If more starting torque is re- 
quired the rotor can be rewound 
with 10 per cent more turns and 
smaller size wire. Remove the com- 
mutator completely and connect the 
beginning and ending of each coil 
together, i. e., short circuit each. 

Detroit, Mich. A. C. Rog. 
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Is This Motor Connection Correct ?7— 
I should like to know if the accom- 
panying diagram of a motor winding 
is correct. This is for a three-phase, 
four-pole, 60-cycle, 36-slot motor with 
an 18-coil basket winding. If this 
connection is not correct I should like 
to see the right one published. 

St. Anne de Beaupre, E. L 
Quebec, Canada. 





Can a three-phase motor be con- 
nected like this? 
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to an electrical angle of 120 deg 
apart. This is usually a separation 
of two poles. 

The method of drawing these dia- 
grams is fully explained in “Arma- 
ture Winding and Motor Repair,” 
by D. H. Braymer, pages 52, 53 and 
236. The applications of the dia- 
grams are fully explained on pages 





Diagram showing connection of 
pole-phase groups for motor ques- 
tion asked by E. L. 





The accompanying sketch shows 
the connections for coils to permit 
proper operation of the motor re- 
ferred to by E. L., St. Anne de 
Beaupre, Quebec, Canada. The num- 
bers in the wiring diagrams, 1 and 
2, indicate in the first case one coil- 
per-group-per-phase and in the sec- 
ond case, two coils-per-group-per- 
phase. The two coils, of course, are 
connected in series. 

The arrows in the diagram indi- 
cate the direction of current in the 
coils at any one moment. When 
checking a three-phase circuit it is 
convenient to imagine that the cur- 
rent flows in the same direction in 
two legs of the circuit and in the 
opposite direction in the third leg. 
In applying this scheme to a motor 
diagram such as shown it is neces- 
sary to assume that the current flows 
in all three leads of the star connec- 
tion toward the point of the star 
connection. In the case of a delta 
connection, that the current flows 
around the three sides of the delta 
in the same direction. 

In using this diagram, therefore, 
the repair man need only lay out 
the required number of pole-phase 
groups and then draw arrows alter- 
nating the direction of their heads 
and draw in the jumper connections 
so that the instantaneous direction 
of current corresponds with the ar- 
rows. This arrangement will make 
it sure that the leads of the three 
phases of a motor are brought out 


261 to 300 with many diagrams for 
motors of different poles and types 
of connection. 

Richmond, Cal. U. O. MEISNER. 

* % * * 

The diagram of stator winding 
for the 3-phase motor shown by E. 
L. of St. Anne de Beaupre, Quebec, 
Canada, is not correct. In the accom- 
panying drawing I have sketched 
the winding connections that can be 
used for winding this motor as a 
4-pole, single-circuit Y with 18 coils 
and 36 slots. 

In this diagram six coils per phase 
are used with a combination of one 
and two coils per pole and one coil 
per slot. 

Allentown, Pa. CARL W. HEIMBACH. 





Revised connections for rewinding 
a 36-slot, 4-pole, 60-cycle, 3-phase 
motor. ; 
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Lighting Up of 
Signal Lamp Indicates When 
Pump Accidentally Stops 


DEVICE which gives a signal 
when the circulating water 
ceases to flow to an internal-combus- 
tion engine, is in use in a plant in 
St. Louis, Mo. 

The water for cooling the cylin- 
ders of this 300-hp. engine is ob- 
tained from a driven well. The sup- 
ply being limited, it was necessary to 
install a cooling tower so the same 
water may be used continuously. The 
water is circulated through the cyl- 
inder jackets of the engine by means 
of a motor-driven centrifugal pump. 
The pump takes its suction through 
a pipe which descends vertically 
from the sump beneath the cooling 
tower and sends its discharge 
through the jackets and thence to 
the top of the tower. 

One day the circulating pump 
stopped, due to the blowing of a fuse 
in the motor circuit, and before the 
attendant became aware of the stop- 
page the engine also had dropped 
out. To prevent a repetition of the 
trouble the attendant determined to 
make a device that would give him 
immediate notice of stoppage of the. 
jacket-water circulation. After con- 
sidering various schemes he finally 
hit upon the idea shown in the 
sketch. 

A wooden lever, about 5 ft. long, 
is pivoted at its middle point on a 
stud projecting from a board which 
is secured in an upright position at 
the top of the tower. A piece of 


strap iron, bent into a ring for hold- 


ing a _galvanized-iron bucket cf 
about 1-gal. capacity, is bolted to one 
end of the lever. A set of counter- 
balance weights are hung from the 
other end. The bucket, which is 
hung directly beneath the outlet of 
the pipe which returns the water to 
the tower, has a %-in. hole in its 
bottom. When the circulating pump 
is running, the returning water 
overflows the bucket. 

When the circulation is just right 
the weight of the water in the bucket 
is counterbalanced by the weight 
hung on the opposite end of the lever. 
The lever then stands horizontally. 
But if the circulation ceases from 
any cause, the water runs out of the 
bucket through the hole in the bot- 
tom. The weighted end of the lever 
then falls and the copper strip, which 
is secured to the lower edge of the 
lever, makes contact with the brass 
stud, thus closing the circuit through 
a red lamp which is located conspic- 
uously in the engine room. 


A galvanized-iron shelter is buiit 
over this device to protect it from 
the elements and from the spray 
blown from the tower as the arm 
might freeze solid. A. J. DIXON. 
St. Louis, Mo. 





Drying Out Motors Which Have 
Stood in Damp Location 


F AN electrical machine has been 
standing idle for some time and 
exposed to much moisture, it should 
be dried out before going into serv- 
ice. Often it is difficult to get the 
right voltage, and so forth, for dry- 
ing by passing current through the 
windings. A case of this kind which 
needed some ingenuity to work out 
the right method was recently han- 
dled by the writer. 

This was in connection with dry- 
ing three 440-volt, 275-amp., 250-hp., 
three-phase, 60-cycle synchronous 
motors direct-connected to compres- 
sors in an industrial plant in New 
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York City. After these motors were 
erected and before they were ready 
to be operated they were subjected 
to severe conditions of moisture; so 
that it was not considered safe to 
operate them without drying them 
out. An examination of the winding 
disclosed that it was a four-circuit 
star winding as shown in A of the 
accompanying drawing. 

The only available current for 


drying out was from a compound- 


wound, 230-volt, direct-current gen- 
erator with a rating of 230 amp. In 
order to be able to use this current 
and obtain good heating effect on 
the windings it was necessary to 
place as much of the windings in 
series as possible, with the mini- 
mum amount of work. This was 
done by taking any two of the four 
star points in each phase and put- 
ting the current in at one of the 
star points and out at the other, as 
shown at B. By connecting the three 
machines in series a voltage of 
approximately 65 volts and an am- 
perage of 250 amp. was required to 
maintain a temperature of 185 deg. 
F., which was very satisfactory. By 
maintaining this temperature for 
thirty hours the motors were thor- 
oughly dried out. To obtain this 
voltage and current the series wind- 
ing of the generator was discon- 
nected and the shunt field separately 
excited from a 110-volt direct-cur- 
rent service. 

It will be noted that with the con- 
nection shown current is flowing 
through only half of the windings 
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How three motors were dried out at 
one time. 

The motors were four-parallel, star-con- 
nected as shown at A. Current was passed 
through only two of the four circuits in 
each phase as shown at B. 





of each machine, but as the winding 
is evenly distributed over the stator 
the whole winding soon reaches an 
even temperature. The entire time 
of disconnecting and reconnecting 
the three motors was approximately 
six hours. 

With this arrangement about 11 
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volts were impressed on each section 
ot the winding or 4.3 per cent of 
operating voltage. The current was 
(250--3) or 83 1/3 amp. through 
each section or 120 per cent of rated 
current. 

Of course if this percentage of 
current had been passed through 
all of the coils on the machine in- 
stead of half of them, the tempera- 
ture would have been higher. In 
such a case the current would have 
to be less, say, only about 100 per 
cent, in each section to give a tem- 
perature satisfactory for drying. 
With rated current the heating 
would be above normal because the 
ventilation would be much less when 


the machine is standing still. 
Newark, N. J. nn: Gc; SOARES. 





Importance of Rugged Lamps 
and Proper Reflectors Localized 
in Mill Lighting ; 
ECENTLY INDUSTRIAL ENGI- 
NEER has described a number of 
ingenious methods for mounting 
lamps and reflectors in steel mills 
and in other places where there is 
considerable vibration. Unfortunate- 
ly, the desire for a rugged light 
source not infrequently leads to the 
recommendation and use of a lamp 
and reflector combination which is 
not only uneconomical, but actually 
harmful because of the glare result- 
ing from an insufficient shielding 
angle. In the past many mills have 
used, and are still using, 32-cp. car- 
bon lamps, equipped with flat cone 
reflectors wherever so-called local 
lamps are required. 

Rugged Lamps.—It is _ believed 
that a number of maintenance engi- 
neers and plant electricians have not 
investigated the new type Mazda 
mill-type lamp built especially for 
rugged service. The lamp—avail- 
only in the 25 and 50-watt sizes for 
110-125-volt lighting circuits, and in 
the 50-watt size for 220-250-volt cir- 
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This diagram shows how better 
lighting at less cost can be secured 
by a correct use of lamp and re- 
flector. 

The illustration at the right indicates the 
increase in actual foot-candles of light on 
the work by the use of a deep-bowl, porce- 
lain-enameled reflector containing a rugged 
50-watt mill-type lamp over the light ob- 
tained from a 32-cp., 100-watt carbon lamp 
in a 10-in. flat cone reflector. The saving 
in energy is also apparent from the sizes 
of the lamps. 





cuits—because of its low wattage, is 
best adapted for use on extension 
cords and local lighting devices 
which are used to furnish illumina- 
tion only over a restricted area or 
for a machine. 

The filament of this lamp is coiled 
and is mounted on a short, sturdy 
support. It is inherently rugged be- 
cause of the special ring-type con- 
struction. } 

The lamp bulbs are of a short, 
sturdy construction and are tipless— 
a feature which is very important 
for extension cord and local lighting 
service, where the lamps are han- 
dled to a considerable extent. It 
must be remembered, however, that 
the ruggedness of mill-type lamps 
is obtained at a slight sacrifice of 
lamp efficiency and that lamps of 
the regular construction should be 
used wherever the conditions of serv- 
ice do not cause an excessive break- 
age. 

Expenditure.—The 50-watt Mazda 
mill-type lamps are rated at 420 lu- 
mens. This is 27 per cent more light 
than is given by the 32-cp. carbon 
lamps, which require twice the ex- 
penditure of wattage. The 30 cents 
spent for a 32-cp. carbon lamp is of 
minor importance if it eats up $4 
worth of 4-cent current to keep it 
burning for 1,000 hours. The more 
economical lamp in the long run is 
the mill-type lamp, which costs 10 
cents more but consumes only $2 
worth of current in the same time— 
and supplies twice the light on the 
work when used in the proper re- 
flector. 
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Reflector Efficiency —Light and 
Foot-Candles.—It is important, in 
the first place, to use a lamp which 
produces a relatively large amount 
of light from the energy it con- 
sumes and, in the second place, to 
use a reflecting device which will 
permit the light so obtained to be 
fully utilized. The accompanying 
diagram shows that it is possible to 
obtain more actual foot-candles of 
light on the work by the use of a 
deep-bow! porcelain-enameled reflec- 
tor containing a rugged 50-watt 
Mazda mill-type lamp, than can be 
obtained from the 32-cp., 100-watt 
carbon lamp in the 10-in. flat cone. 
The former, the deep bowl, is scien- 
tifically designed to direct the light 
to the work where it is needed, 
while the flat cone merely serves in 
a small way as a substitute for a bit 
of flat ceiling above the lamp. The 
effective distribution of light shown 
for the deep-bowl reflector and the 
50-watt Mazda mill-type lamp is ob- 
tained by using the standard 7%4-in. 
deep bow! designed for use with the 
standard 50-watt vacuum lamps, fit- 
ted with a standard 1%-in. socket 
extension plug to bring the filament 
of the mill-type lamp into proper po- 
sition in the reflector. With the fila- 
ment of the mill-type lamp in this 
position, the distribution of light 
and the reflector efficiency are ap- 
proximately the same as are ob- 
tained when a regular vacuum 50- 
watt lamp is used without the socket 
extension. Reflector manufacturers 
design their equipment for a definite 
filament position and the user who 
disregards this fact fails to get the 
best results from his lighting. 

Glare-—To the disadvantage of 
low efficiency characteristic of the 
carbon lamp and flat tin-cone shade 
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must be added the handicap of glare, 
which is very evident because of the 
improper shielding angle. With the 
reflectors in the position shown in 
the diagram, for example, 4 ft. above 
the bed of a lathe used for trimming 
rolls, practically all of the light emit- 
ted in the angles above the 60-deg. 
line, indicated by the shaded portion 
in the distribution curve, will cause 
glare because the light comes direct- 
ly into the worker’s eyes from the 
unshielded filament. At all times 
light in the direction of the eye 
should be diffused. A 32-cp. carbon 
lamp in a flat tin-cone reflector at 
the height shown would be prohib- 
ited by a number of recent state 
lighting codes because of the glare. 
To sum up: (1) Ruggedness can 
be obtained by using the recently 
standardized Mazda mill-type lamps; 
(2) the greatest utilization, or foot- 
candles of light on the work, is ob- 
tained by using properly designed 
reflectors in connection with the 
lamp; (3) miil-type lamps, having a 
short light-center-length, can be ef- 
ficiently used in any reflector prop- 
erly designed for regular 50-watt 
vacuum lamps by using a standard 
13£-in. socket extension; (4) harm- 
ful glare is easily minimized by 
using reflectors with a sufficient 
shielding angle. JAMES M. KETCH. 


Engineering Department, 
National Lamp Works of G. E. Co., 
Cleveland, Ohio. 


Automatically 
Stopping First of Two Motors 
When Second Stops 


HEN one machine feeds an- 
other considerable trouble is 
likely to result unless some provi- 
sion is made to stop the first auto- 





Wiring diagram for connecting two 
motors so that if one stops it auto- 
matically cuts out the other. 
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matically in case the second should 
get out of order and stop. For ex- 
ample, an ice crusher and a conveyor 
operated in combination often went 
out of commission because the con- 
veyor would for some reason become 
choked and the overload relays stop 
its motor. Unless stopped in time, 
the crusher would continue to fill the 
conveyor pit until the lower end of 
the chain and buckets was prac- 
tically in a solid cake of ice. A new 
man would invariably fail to open 
the crusher switch soon enough to 
prevent this. His next move would 
be to throw in the switch of the 
conveyor which usually resulted in 
broken chains and buckets bent out 
of shape or torn off, or if we were 
lucky, only the chains off the sprock- 
et. In any case it gave a mean 
job for repairs. 

To overcome this difficulty an idea 
was used which may be an old one 
with others, but was tried out at 
our plant for the first time. This 
plan was to connect the motors so 
that if one motor should stop the 
other would automatically stop also. 
The accompanying sketch shows 
how the connections were made. It 
must be remembered that this 
scheme is good only where both mo- 
tors are always used together if 
overload and no-voltage protection 
is wanted for either or both motors 
as individual machines. 

The starters used in this case were 
the Crocker-Wheeler AX starters 
with overload relays and no-voltage 
release coils. The sketch shows the 
no-volt release coil circuits, which 


alone arechanged. VICTOR ORTH. 
Gardenville, N. Y. 





Choosing Proper Type Condulet 
When Wiring for Motor 


N THE August issue of INDUS- 
TRIAL ENGINEER there is shown 
on page 368 a good and a bad ex: 
ample of wiring old-type motors. 
These motors have exposed termi- 
nals on both sides of the frame, 
which naturally renders it difficult 
to make an installation which is 
comparable in neatness and general 
appearance with installations of 
modern motors. In the good exam- 
ple mentioned above the illustration 
shows that two type A condulets 
were used. I do not wish to appear 
critical, but it seems to me that a 
type B or type E condulet would 
have been preferable in this case. 
C. DICKERSON. 


Topeka, Kan. 
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cuts or improved methods. 
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In the Repair Shop 





This section is devoted to all sorts of electrical repair work, large and small. 
Special attention is given to tools found convenient at the shop bench and short 


Articles on these subjects are always welocme. 



































Heating of Induction Motor 


Due to Grounded Wedges 


N INDUCTION motor that ran 
very hot, although not fully 
loaded, came to the writer’s atten- 
tion some time ago. This was a 
15-hp. motor which drove a pump 
in a chemical plant. It had replaced 
a 10-hp. motor which had carried 
the load satisfactorily without heat- 
ing. When the 10-hp. motor broke 
down it was decided to put in the 
15-hp. motor temporarily. This mo- 
tor was a _ squirrel-cage machine 
rated at 15 hp., three phases, twenty- 
five cycles, four poles, 720 r.p.m., 40 
deg. rise at constant duty. It was 
one of the company’s spare motors 
and was being used for temporary 
service on an elevator, in intermit- 
tent duty, where it worked satisfac- 
torily. But when it was connected 
to the pump it would run for only 
about three or four hours when it 
would become so hot that it had to 
be shut down. The motor was 
tested for grounds, shorted coils, 
loose bars, torque, speed, and so on, 
and found perfect but it would still 
heat up after a three-hour run. 
This was a puzzle but finally in- 
vestigation revealed the fact that 
the dust in the plant was a mixture 
of carbon and other conducting ma- 
terials, and that a thick sticky layer 
was soon formed on any stationary 
object. Also, this motor had in the 


stator slots metal wedges of the two- 
piece type, i. 


e., iron hair pin and 


brass center pin, the wedge being 
insulated from the stator lamina- 
tions by a 0.010-in. fishpaper cell. 
Upon testing these wedges it was 
found that every wedge was ground- 
ed. The dust formed a bridge over 
the insulation entirely across the 
slot, thus short circuiting the tooth 
laminations and forming a path for 
eddy currents. These eddy currents 
in the rotor caused the heating. 
This was borne out by the fact that 
on a test run, only the stator iron 
got hot while the winding remained 
cool. This trouble was not experi- 
enced when the motor was used for 
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The manufacturers of the motor 
were then consulted and agreed to 
furnish a new type of metal wedge 
that had been developed which they 
said would clear the trouble and 
would still retain the advantages of 
a metal wedge. 

The motor was sent in to the shop 
where it was thoroughly cleaned and 
the old wedges were removed. The 
new wedge resembled a fiber wedge 
in shape but was composed of mi- 
carta with iron wire imbedded in it. 
The micarta completely surrounded 
the iron so that there was no chance 
for grounding the wedges. 

After the wedges were put in, the 
motor winding was given three dips 
in Sterling varnish and baked four- 
teen hours after each dip. Then it 
was sprayed with an air-dry var- 
nish. When put into service the 
motor operated satisfactorily and 
has continued to do so up to the 
present time, over eighteen months. 

A. C. ROE. 
eenmaiiteeineic 


Data Which Should Be Taken 
Before Stripping a Motor 


EFORE stripping a motor that 

has to be rewound, certain in- 
formation should always be put down 
on paper. No matter how familiar 
one may think he is with a motor 
before it is stripped, he may forget 
some important connection before 
the time when he has to reconnect 
it. Such a job is often held up while 
waiting for insulation, wire, coils, 
and so on, or some other more im- 
portant job may require the atten- 
tion of the repair man. 


Detroit, Mich, 





intermittent duty, as it was not in 
service long enough at one time for 
eddy currents to heat up the iron. 


Card which holds complete infor- 
mation on a motor. 
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The drawings shown here are 
samples taken from an alternating- 
current and a direct-current motor. 
I usually make a rough chart on the 
order of these drawings, and then at 
my leisure draw a better one using 
colored ink for the different phases. 
I keep these charts in a loose-leaf 
ledger. Probably the most impor- 
tant point to bring out in a chart is 
whether the connection should be 
made from the front or the back of 
a coil. In addition to the drawings 
I write down data such as that 
listed in the caption underneath the 
drawings on this page. 

When rewinding the motor if suffi- 
cient information is not contained 
on these drawings I consult the card 
index of all motors, which we keep 
in file. A copy of one of these cards 


is shown herewith. N.S. DAVIS. 
Batavia, N. Y. 
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Composition of Hard-Drawn 
Rods Used for Arc- Welding 


ARD drawn rod electrodes con- 
forming to one or the other of 

the specifications shown in the table 
have been standardized by a leading 
industrial concern on the Pacific 
Coast. These rods are used on mild 
steel, structural shapes, plates, bars, 
low-carbon forgings, and castings. 
For arc-welding on high-carbon and 
alloy steels special electrodes are 
used. On high-carbon steels where 
the weld is not to be machined, but 
a hard wearing surface is the prin- 
cipal consideration, electrodes con- 
taining 0.95 per cent carbon are 
used. If the welds must possess 
unusual density and uniformity in 





COMPOSITION OF HARD-DRAWN RopDs 
FoR Arc-WELDING 





A B 
Per Cent Per Cent 
COPD. dcniciiccnsinccnctl not over 0.06 0.18-0.18 
Manganese ................not over 0.15 0.40-0.60 
Phosphorus ....-not over 0.04 not over 0.04 
Sulphur ...................not over 0.04 not over 0.04 


edetpnaaicecat aed not over 0.08 not over 0.06 


Silicon 











B, 


Diagrams drawn before stripping 
motors. 


At the left is a drawing for a d.c. motor; 
at the right, one for an a.c. motor. In addi- 
tion such information as the following 
should be recorded: For the a.c. motor— 
Westinghouse, 2 hp., two-phase, 60 cycle, 
1700 r.p.m., twenty-four 68-turn coils, No. 
18 d.c.c. wire, three coils to a pole, 1 coil 
to a slot, throw l-and-10. For the d.c. 
motor—Sprague, 6 hp., 600 r.p.m., d.c., 240 
volts, 26.7 amp., twenty-seven coils, thirty 
turns, No. 22 d.c.c. 





order to secure a high polish or be 
easily worked, covered nickel-steel 
electrodes are recommended for use 
on high-carbon steel. 


San Jose, Cal. 


D. N. LOUIS. 





Rebuilding Rotor End-Rings 
Reduces Trouble 


UCH of the trouble caused by 

induction-motor rotor bars be- 
coming unsoldered from the end 
rings has been eliminated from the 
older motors of the Old Dominion 
Copper Company, by a change in the 
end-ring construction. Originally 
the end-ring construction was as 
shown in one of the illustrations. 
The bars projected through the end 
rings. When such motors are 


The old end rings were removed and 
a copper band silver-soldered be- 
neath the bars. 


brought into the shop for repairs 
these end rings are removed and a 
ccpper band is soldered in place as 
shown underneath the bars. In some 
cases rivets are placed through the 
bars and ring to increase the me- 
chanical strength. The ring consists 
of a flat copper strip, mitered and 


silver-soldered. STEPHEN TILLMAN. 


Chief Electrician, 
Old Dominion Copper Company, 
Globe, Ariz. 





Low-Resistance End Ring 

Reduces Motor Speed 

PON renewing the bars and end 

rings of a 100-hp., 2,200-volt, 
three-phase motor at the works of 
the Union Pacific Coal Company, we 
found that the motor would not run 
above approximately half speed at 
no load. The motor ran hot and 
threw fire from the rotor. Exami- 
nation showed that several rotor 
bars were broken at the end ring, so 
it was decided to renew the rotor 
bars and end ring as the only method 
of making a first-class repair job. 
The proper size of rectangular cop- 
per for the rotor bars was not avail- 
able; so they were made from 4/0 
round copper wire and hammered to 
size. Although the original end ring 
was of different shape and material, 
it was assumed that the resistance 
in both cases would be the same, but 
this could not be verified, owing to 
lack of proper facilities for making 
refined measurements. The bars 
were double riveted at each end and 
soldered and the work considered 
first class. Upon testing out the mo- 
tor it was found to take excessive 
current with 1,500 volts applied at 
the terminals and finally damaged 
the auto-transformer coils in the 
starter. A starter capable of start- 
ing a 500-hp. motor was provided, 
but again the motor took excessive 
current and accelerated to only 900 
r.p.m., instead of to 1,800 r.p.m., its 
rated speed. Applying the full rating 
of 2,200 volts failed to cause any in- 
crease in speed. 

When the manufacturer was con- 
sulted it was learned that the end 
ring contained too much copper and 
we were advised to reduce the cross- 
section one-half. After this was done 
the motor came up to normal speed. 
The trouble was caused by the as- 
sumption that the resistance of a 
14 by 2-in. copper bar was the same 
as that of a 1-in. by 1-in. alloy ring. 


Chief Electrician, D. C. MCKEEHAN. 


The Union Pacific Coal Co., 
Rock Springs, Wyo. 
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A Portable Outfit With 
Simple Grid Connections to Give 
Wide Range of Resistance 


Y USE of single-pole, double- 
throw switches connected as 
shown in the accompanying diagram, 
a wide range of resistance is ob- 
tained in the portable and station- 
ary resistance units employed in an 
Eastern industrial shop. The prin- 
ciple of this method of connecting is 
shown in Fig. 1, where a, b, c, and 
d are resistance units connected by 
single-pole, double-throw switches to 
either e or f. The maximum resist- 
ance obtainable is the sum of a, b, ¢, 
d, the current being limited to that 
allowable for one of the sections. To 
obtain this maximum resistance 
switch No. 1 is thrown over to e, 
switch No. 5 is thrown to f, and the 
other switches are left open. The 
minimum resistance will be one- 
quarter of the resistance of any sec- 
tion (provided they are all equal), 
and with this condition the maxi- 
mum current will be four times the 
maximum current allowable for any 
one section. This condition is ob- 
tained by throwing switches 1, 3 and 
5 to the left, 2 and 4 to the right. 
Various steps can be obtained be- 
tween the maximum and minimum 
values. 

Three resistance tables connected 
in this manner have been mounted 
on wheels, as shown at right, so 
that they can be conveniently moved 
from one place to another. Each of 
these tables is made up of twelve re- 
sistance sections, the resistance of 
each section being 0.5 ohm, 0.75 ohm 
and 1 ohm, and the carrying capacity 
of each section being 35 amp., 25 
amp. and 15 amp., respectively, for 
the three cables. 

A permanently mounted set of 
grids using the same method of con- 
nection has been made up to give a 
range of 2.5 amp. to 830 amp. at 230 
volts. This method of switching is 
not confined to large resistances; it 
has been found very useful also in 
making up smaller rheostats. By 
mounting on wheels as shown, it can 
be used more conveniently in any 
part of the laboratory. 

Newark, N. J. EUSTACE C. SOARES. 





Fig. 1—Scheme of connections for 
obtaining a variable resistance for 
test work. 


Fig. 2—Adjustable rheostats which 
give wide range of resistance for 
the number of resistance units em- 
ployed. 
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This rheostat table may be rolled about the laboratory and 
in this way is made more convenient for general testing. 
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Better ways to transport and handle raw 
and finished parts in and around the 
works will be discussed in this section. 








Robbing a Job of Its Disagreeable Features 
by Doing It Mechanically 


N JOBS which are disagreeable 

because of the conditions sur- 
rounding the work, such as paint or 
varnish dipping, cleaning and other 
similar tasks where the operator is 
likely to have paint or cleaning solu- 
tion splashed on him, carriers have 
been installed to good advantage. 
How these disagreeable features of 
one paint-dipping job are eliminated 
is shown in the accompanying illus- 
tration. Here the parts to be dipped 
are hung on a special carrier riding 
on a double tramrail and carried to 
the dipping vats. By manipulating 
the two pear-shaped handles, a sec- 
tion of this tramrail is lowered until 
the parts are immersed in the paint. 
They are then raised by the motor 
operating this section of the elevator 
and pushed on to the right over the 
dripping section. The parts, still on 
this tramrail carrier, then go on to 
and through the drying ovens. 

The parts are thus placed on the 
carrier before they are dipped and 
are not touched again until after 
they are dry, so that the men do not 
come in contact with the sticky 
paint. This equipment was manu- 





The operator can perform a dis- 
agreeable task and still keep his 
hands clean. 


It is difficult to get men, when labor is 
scarce, to perform dipping jobs and other 
similar tasks where they are spotted with 
paint which ruins their clothes and gets 
onto their hands and faces and even into 
their hair. With equipment such as this, 
it is not necessary to touch the parts when 
they are wet. 


factured and installed by the Cleve- 
land Crane and Engineering Com- 
pany, Wickliffe, Ohio. 





Moving Hacksaw to Work 
Eliminates Double Handling 
of Heavy Steel Bars 

OMETIMES it is easier to bring 

the machine to the work than 
to take the work to the machine. 
This is a common practice with 
many small portable tools and with 
some large special machines. How- 
ever, one would hardly expect that 
such a tool as the power hacksaw 
would be moved from job to job in- 


im. 7 as ‘thy, 
|van: 





63 


stead of taking the work to the 
machine. Nevertheless, this is actu- 
ally done at the plant of The Louis 
Allis Company, Milwaukee, Wis. 

Here a power hacksaw is mounted 
on the platform of a power-driven 
portable elevator or tiering machine 
made by the Economy Engineering 
Company, Chicago, Ill. The platform 
carrying the hacksaw can be raised 
or lowered as desired. This com- 
pany previously removed heavy steel 
bars which were used for making 
the armature shafts from the stock 
racks, trucked them to the machine 
shop, cut them into desired lengths, 
returned these lengths and the uncut 
stock to the storeroom and made a 
record of the operation. Later, when 
the foreman in the armature depart- 
ment got an order for armatures 
those same shafts were removed and 
trucked to the armature department. 
This required a large amount of 
extra handling of heavy bars. 

Since the hacksaw has been made 
portable, the procedure is: The 
foreman orders a definite number of 
pieces of shafting for armatures 
direct from the storeroom. The 
storeroom man elevates the hacksaw, 
on the portable-elevator platform, to 
the proper size of shafting, cuts the 
desired number of lengths, without 
removing the long length of shafting 
from the racks, and delivers them 
direct to the armature department. 
This eliminates the delay, annoyance 
and hard work of taking the stock 
to the saw in the machine shop and 
of returning the unused portion to 
the storeroom. On large bar stock 
the labor and time saved would be 
considerable. It also simplifies the 
stockroom book work necessary. 
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Saving $21,000 a Year 
With a Special Electric Truck 
For Handling Paper Rolls 

NE OF the principal features 

of material-handling equip- 
ment has been the design and con- 
struction of special machines for 
special purposes. One example of 
this is the special electric lift truck 
for handling rolls of paper as shown 
in the three accompanying illustra- 
tions. Several of these trucks are 
in use at the different plants of one 
large paper company. Before in- 
stalling these trucks the large 72-in. 
rolls of paper were handled on a 24- 
hour-a-day basis by seven men per 
shift. These seven men were em- 
ployed for finishing, up-ending and 
trucking. Of this gang five men 
were required to up-end the roll. 

Since this truck has been adopted 
only two men and one truck are re- 
quired per shift. Both men are fin- 
ishers; one is engaged in finishing 
and driving the truck to the shipping 
department; the other in finishing 
and heading the roll. In this way 
an initial saving of five men per 
shift has been effected, which in dol- 
lars and cents, on a 300-day annual 
basis, amounts to over $21,000, or 
several times the original cost of the 
truck. 

There is also a material saving in 
the time required to handle and 
carry the roll, to say nothing of 
having made it much easier on the 
men. The truck can be used for 
either lifting the roll from a hori- 
zontal position or from a vertical 
position. One of the distinctive fea- 
tures of the truck is the fact that 
when the lifting hands come together 
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Special electric storage battery 
truck for handling rolls of paper, 
which takes the place of 15 men. 
This truck will pick up a 72-in. roll of 
paper when it is lying down or standing 
up, carry it to its destination and stand it 
up or lay it down without damage to the 
roll. In one paper mill the installation of 
this truck saved over $21,000 a year by 
eliminating five men per shift in a plant 
operating three shi.ts per day. 





on the roll with sufficient pressure 
to lift it, the lifting mechanism 
automatically elevates the roll with- 
out exerting a crushing pressure. 
The speed adjustment of the truck 
is so regulated that the truck can 
be maneuvered up to a roll without 
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breaking the edge of the roll while 
lifting. 

The truck was installed by the 
Cowan Truck Company, Holyoke, 
Mass., and is equipped with General 
Electric motors, Exide batteries, 
Brown -Lipe-Chapin _ differential, 
Alemite system of lubrication 
throughout, and Cutler - Hammer 
controller. 


How a Conveyor 
Reduces the Accident Hazard 
When Piling Rusty Scrap 


HE SPECIAL piling conveyor, 

shown in the accompanying illus- 
tration, is used for piling the bales 
of scrap directly from the baling 
machine into the storage pile where 
they are later loaded into cars for 
shipment. These bales are not only 
heavy, but are dangerous to handle 
by hand due to the many sharp and 
often rusty edges. A conveyor of 
this type can pile them over a semi- 
circular area, due to the circular 
track upon which it is supported and 
travels. 

Many jobs similar to this are seri- 
ous accident hazards. One of the 
best methods of making them safe 
is to do them mechanically. Men in 
gangs are a hazard to each other; 
if one man “lets go” of a heavy lift 
prematurely, the other men are liable 
to be hurt. However, the man oper- 
ating a conveyor like this has only 
himself to look out for and so risks 
less chance of injury. One of the 
usual results from the installation of 
labor-saving equipment has been a 
decrease in number of accidents. 

A similar type of conveyor is also 
used for unloading coal, sand and 
other loose materials. Gondola cars 
are dumped into a hopper feeding 
down into a conveyor of this type 
which discharges onto a circular pile 
in much the same way. This not 
only eliminates the large force of 
labor which would be required if it 
were done by man-power, but it also 
enables the coal or other material 
to be piled over a larger area and 
much higher than would be possible 
with wheelbarrows. 





The accident hazard would be very 
great if men piled these bales of 
metal scrap. This conveyor is not 
affected by scratches from rusty 
metal. 
Work like this is too heavy and hazardous 
and if men can get other jobs it is difficult 
to keep them on such tasks. Many other 
“back-breaking and thumb-smashing’”’ jobs 
ean be simplified as easily by mechanical 
methods and at the same time reduce the 
eost of the operation. 
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Maintenance 
Analysis 


(Continued from page 51) 
One sheet is thus sufficient for a 
month, or four inspections. If a mo- 
tor and its control are found to be 
in perfect condition the inspector 
puts an O. K. opposite the motor 
number, in the proper date column. 
If the motor is defective in any way, 
the nature of the trouble is noted in 
the same manner. There is thus af- 
forded a complete record of all in- 
spections made, with the results. 

In one of the large packing plants 
where a large number of motors are 
operated under very severe condi- 
tions, and the failure of a motor 
may occasion a good deal of loss and 
delay, a different plan is in force. 
The entire plant is divided into four 
sections and each section is put in 
charge of an inspector who is held 
strictly responsible for the continu- 
ous operation of the motors in his 
section. He is not required to make 
reports and is held to no definite 
routine, but can inspect a motor or 
other equipment three times a day 
or once a week, as he considers nec- 
essary. When a motor fails, a writ- 
ten report showing the cause of the 
failure must be given to the chief 
electrician. If the trouble was not 
due to neglect the inspector is ab- 
solved from all blame. If the failure 
was due to neglect or other prevent- 
able cause, which happens very rare- 
ly, the inspector is reprimanded or 
otherwise disciplined. 

Although this method of handling 
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inspection work may not be ideal 
in all respects it has, under proper 
supervision, worked out very suc- 
cessfully in this and a number of 
other plants where continuity of mo- 
tor service is highly important. Per- 
haps one reason for this success is 
that it allows the inspector to use 
his judgment and initiative and put 
the emphasis on his work in the 
proper place, something that a hard- 
and-fast schedule may not permit. 
He can come closer to estimating the 
effects of natural wear and tear than 
anyone else in the works for, like 
the family doctor, he knows the ail- 
ments of his regular patients. 
While it may not be necessary in 
all cases to have a written report of 
every inspection, when this shows 
that the equipment is in good condi- 
tion, it is very essential that a com- 
plete record be kept of all defects 
and failures which develop, together 
with the nature and cost of the re- 
pairs. In too many instances the 
fact is overlooked that records such 
as these are the vital statistics of 
maintenance work. To attempt to 
carry it on without these records 
would be like trying to conduct a 
business without a set of books. 


RECORDS OF EQUIPMENT FAILURES 
SHOULD BE CAREFULLY STUDIED 
AND ANALYZED e 


As Arthur J. Whitcomb pointed 
out on page 377 of the August issue 
of INDUSTRIAL ENGINEER, an analy- 
sis of the records of motor failures 
is of interest: First, to the motor 
inspector so that he may know what 
parts to watch closest; second, to the 
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Sawdust and shavings make work 
for the maintenance department in 
lumber mills. 


A motor-driven edger is shown in the left 
foreground of the illustration. 





storekeeper in order that he may 
keep an adequate supply of the parts 
most frequently needed; third, to the 
electric repair shop so that there 
may be kept available facilities for 
the repair of motors or equipment 
on which failures occur most often, 
and fourth, to the electrical superin- 
tendent in order that he may have a 
grasp of the number and kinds of 
failures and may also be able to com- 
pare the failures of one period with 
those of another. Further, careful 
study and analysis of the records of 
failures will often disclose in the de- 
sign or application of equipment in- 
herent weaknesses which might 
otherwise pass unnoticed. For ex- 
ample, repeated failures of a motor 
or its control equipment means that 
something is wrong. These parts 
are either overloaded or are of the 
wrong type for the service require- 
ments, or are being neglected. Find- 
ing the proper remedy may or may 
not be a simple matter; in any event, 
a weak spot has been pointed out. 

The value of accurate repair cost 
records, particularly the cost of 
making new coils, bearings and 
other parts, is often overlooked. The 
repair shop usually turns in a labor- 
and-material cost for at least the 
larger jobs, but there is frequently 
no definite data as to the cost of the 
coils and other parts which are made 
in the shop; therefore it is impos- 
sible to tell whether these can be 
bought from the manufacturer more 
cheaply than they can be made. Ex- 
cept as an emergency measure, when 
speed of repair is important, there 
is no economy in spending $10 to 
make a part which can be bought for 
$7.50. This is, however, done in 
many instances and increases the 
cost of repair work unduly. The 
only way this condition can be avoid- 
ed is to find out exactly what it 
costs to make such parts and then 
compare these figures with the man- 
ufacturer’s prices. 

A repair shop operated in connec- 
tion with the electrical department 
of an industrial works is just as 
much of a business enterprise as a 
commercial repair shop and the same 
business principles should be applied 
in its management. Guesswork or 
inaccurate records will cause loss in 
the one as surely as in the other. 
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The Engineer and 


Contractor 
(Continued from page 22) 
details of the specifications for the 
individual jobs would be essential 
to such a specific interpretation. 
These are submitted merely as ex- 
amples of analyses that are useful 
and essential to the estimator who 
possesses a fundamental knowledge 
of trends in costs and the require- 
ments of high standards of construc- 
tion practice. These photographs 
illustrate some types of construction 
that present problems for experi- 
enced men and represent good prac- 
tice from every standpoint. It is 
usually found advisable and profit- 
able to make and file photographs 
showing stages of progress of the 
work. These are useful in connec- 
tion with instructions to new super- 
intendents and foremen employed by 
electrical contractors and as illus- 





The lower illustration shows how 
daylight conditions shown in the 
upper illustration can be approached 
by good illumination. Cooper-Hewitt 
lights are used. 
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The finish on a job illustrated by 
these paneled openings is one of the 
things that add as much to class of 
workmanship as permanency of con- 
struction. 








trations of methods of doing the 
work when changes or improved 
methods are to be followed. In 
such cases they serve to definitely 
picture the details of the work in 
the minds of superintendents and 
foremen and are available to them as 
references during the progress of 
the work as well as at the time they 
are being instructed in regard to it 
before it starts. Moreover, such a 
file of photographs serves as valuable 
silent evidence of the character and 
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quality of workmanship that the 
electrical contractor is capable of 
furnishing. They also serve as a 
basis for settling controversies that 
may arise out of conflicts in the 
progress of work that should pre- 
cede electrical installations and as 
the basis for extra costs when devia- 
tions from the specifications are be- 
ing considered. 





Maintenance Work 


Can be Audited 


(Continued from page 15) 


He has endeavored to explain and 
give reasons why the electrical store- 
room should be under the electrical 
superintendent, how the electrical 
storekeeper keeps track of his stock 
by a perpetual inventory, how he 
knows when to reorder, his method 
of giving this information to the 
electrical superintendent who either 
approves or disapproves the requisi- 
tion and thus releases the electrical 
storekeeper’s responsibility in not 
having the material. Also it is 
shown how the “Main Storeroom’”’ is 
enabled to keep a check on the ma- 
terial being requisitioned, how the 
need for the material is brought to 
the attention of the general super- 
intendent, the operating vice-presi- 
dent and finally the purchasing 
agent, who at once orders the mate- 
rial from the manufacturer. So far 
during the cycle, the inventory card 
has shown the electrical storekeeper 
the need for the material and the 
requisition has rendered an account- 
ing of this need to the electrical 
superintendent, the main _store- 
keeper, the general superintendent, 
the operating vice-president and the 
purchasing agent. The material as 
received at the “Main Storehouse” 
and the “Memorandum of Receipts” 
forms the audit or accounting of 
this material until it has reached 
the electrical storeroom and it forms 
the voucher, after the OK of the 
electrical storekeeper, to the account- 
ing department so that they may 
pass the invoices for payment. After 
the material is used, the “Storehouse 
Order” forms the means of account- 
ing for why and where the material 
was used and is the authority for 
the electrical storekeeper to charge 
the material off his ledger or inven- 
tory card, and likewise for the main 
storekeeper to charge the value of 
material used against departments 
using it. Thus the cycle of purchase 
and use of materials is finished. 
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Maintenance and 
Operation Bonus 


(Continued from page 10) 


of all other motors in the plant 
which may be substituted for it. 
Thus, whenever a breakdown occurs, 
even though no substitute is in the 
store room, it is generally possible 
to pick out a motor from an idle or 
less essential machine. The 250 mo- 
tors in the plant from % to 500 hp. 
include a surplus of about 10 per 
cent idle for auxiliary or emergency 
service. Practically all motors above 
25 hp., except the three 100-hp., 440- 
volt, direct-current motors on the 
calender mills mentioned, are of 
2,300-volt, 60-cycle, 3-phase design. 
These are all inspected regularly, 
even the 14-hp. motors. 

As several of the departments, 
such as the Mill Rooms, are very 
dusty from powdered soapstone, the 
motors and bearings require fre- 
quent cleaning and inspection. Be- 
cause of these conditions it was diffi- 
cult to keep some of the big. bear- 
ings, which were fitted for grease 
lubrication, from heating and burn- 
ing out, due to the mixing of the 
dust with the grease. Now these are 
fitted with sight-feed oil cups which 
are looked after by the oiler. While 
they sometimes overfeed and the oil 
runs out the end of the bearing, they 
are giving much better satisfaction 
than the grease cups. 

A record is kept of the amount of 
lubricating oil used over a period of 
six months which is compared with 
that of the previous six months. 
Other similar records of supplies are 
kept and checked by the maintenance 
department to see that the consump- 
tion does not increase unduly. 

Another plan which helps check 
up on maintenance is used by the 
maintenance superintendent. The 
white copy of each maintenance 
order (Fig. 4) is filed in a folder, 
after the job is finished, marked 
with the name of the equipment 
whether it is a motor or machine. 
These are gone over periodically to 
see if any type of repairs are occur- 
ring too frequently. When making 
a repair report, the men often note 
that only a short time has elapsed 
since a similar one had been made. 
This record shows the date and per- 
haps discloses several similar repairs 
made within a short time previous. 
For example, recently we had occa- 
sion to check the life of some raw- 
hide pinions on some of the ma- 
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chines. When we could show the 
manufacturers that one lot of pin- 
ions was lasting only from two weeks 
to a month while other lots were 
lasting a year or more, it was easy 
to get them replaced. 

Also stuffing boxes on the calen- 
ders were blowing out too frequently. 
This led to installing larger boxes 
which take more packing and are 
holding up longer. This record also 
shows up any bearings or other parts 
which give so much trouble as to 
demand special attention. It is an 
important factor in keeping the 
maintenance costs low, through aid- 
ing in the supervision and checking 
because maintenance is largely a 
matter of proper records. 

Altogether, the bonus plan works 
very satisfactorily since it pleases 
both the foreman and the company. 
Foremen are rewarded for thinking 
ahead, because to make the bonus 
regularly, and some of them earn 
full third bonus frequently, they 
have to consider not only doing a 
first-class job today at a reasonably 
low cost for a good job, but they 
also have to consider how the equip- 
ment is going to stand up in future 
bonus periods. The savings which 
have resulted from this bonus plan 
were estimated at 5 per cent of the 
total cost of production for the first 
year. The larger proportion of this 
saving was made in the Production 
Departments although the Mainte- 
nance and Power Departments con- 
tributed their share, by helping to 
maintain the equipment in condition 
for continuous operation. 


Better Methods of 
Handling Materials 


(Continued from page 47) 


types of equipment which are in- 
stalled. One such case is illustrated 
in this article where an elevating- 
platform truck skid is provided with 
wheels to make it “live” and chains 
so that it may be handled by the 
overhead crane. Universal equip- 
ment such as this very much in- 
creases the mobility of material- 
handling devices in the plant. Pro- 
visions whereby skids are inter- 
changeable between hand-lift trucks 
and electric-lift trucks are always 
advisable where both are used in any 
one plant, for then the hand-lift 
truck can be used most economically 
for short movements and for “spot- 
ting” and the electric-lift. trucks 
used for longer hauls. 











67 


Practically all manufacturers of 
material handling equipment are 
working along the one idea of sim- 
plicity in operation and reliability. 
In getting simplicity of operation 
considerable effort has been placed 
towards simplifying the control. One 
example of this is in providing push 
button or some similar type of re- 
mote and safe control for electric 
hoists. 

A great deal of material-handling 
machinery, particularly that used for 
handling miscellaneous freight, is of 
such a nature that the most simple 
standard electrical equipment meets 
all conditions satisfactorily. In gen- 
eral the trend seems to be toward 
higher speeds, increased safety re- 
quirements and special construction 
to reduce maintenance. 

Higher speeds mean larger power 
requirements and more expensive 
equipment, but there is always the 
danger of carrying this too far. For 
example, some operations in the han- 
dling of miscellaneous cargo prob- 
ably always will require a certain 
amount of manual labor and in gen- 
eral this phase of the operation is 
the limiting feature. When speeds 
are carried to a point where the 
mechanical equipment has idle peri- 
ods waiting for manual labor to 
catch up, a part of the capital in- 
vestment is earning no dividends on 
account of the speed being higher 
than necessary. 

Decreased maintenance resolves 
itself into larger wearing surfaces, 
decreased wheel loads, improved 
bearings such as ball and roller, 
more effective methods of keeping 
oil and grease from the electrical 
windings of machinery, totally en- 
closing such equipment as will stand 
it without overheating and similar 
improvements. 

It is not necessary to spend 
$50,000 to $100,000 or more to reap 
benefits in material handling costs. 
On an expenditure of a few hundred 
dollars, many companies have made 
savings which have repaid the cost 
of the equipment several times 
within a year. In conclusion, it may 
be well to say that at any time when 
reductions in costs and increases in 
production are being studied, or 
when it is desired to put production 
on a more even flow of work, with 
schedules and a dispatching system 
to route it through the plant, it is 
well to investigate all the available 
methods of handling materials. One 
or more methods can usually be 

adapted to the task. 
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Automatic and Electric Furnaces, Ltd., 
173-175 Farringdon Road, London, 
E. C. 1—A 20-page catalog describes 
several types of Wild-Barfield auto- 
matic electric furnaces for the hard- 
ening of steel in connection with a 
magnetic detector which indicates the 
quenching point. Descriptions of oil 
and salt tempering baths, “matur- 
ing” (aging) ovens, pyrometers and 
a magnetic sclerometer are also in- 
cluded. 

Sprague Electric Works of General 
Electric Company, 527 West Thirty- 
fourth Street, New York City—Con- 
struction details of Sprague safety 
type panel board and cabinet, Type 
T. P. S., are described and illustrated 
in folder No. 67,901. This equipment 
is designed for places where busbars 
and other live parts must be cov- 
ered, but the fuse plugs left acces- 
sible. 

Cleveland Armature Works, Inc., 4732 
St. Clair Avenue, Cleveland, Ohio— 
A small folder describes the pedestal 
and post types of electric grinders 
and buffers for light work, put out by 
this company, which have a built-in 
motor operating at 3,600 r.p.m. 

The Electric Motor and Engineering 
Company, Canton, Ohio—Catalog No. 
3 (Section 4) describes the panel 
boards, switchboards, steel cabinets 
and other power equipment special- 
ties put out by this company. 
Conveyors Corporation of America, 326 
West Madison Street, Chicago, Ill.— 
A series of folders describes the 
American coal-handling equipment 
and steam jet ash-handling convey- 
ors put out by this company. Con- 
siderable operating and other descrip- 
tive information is contained. 
Century Electric Company, 1827 Pine 
Street, St. Louis, Mo.—Repulsion 
start induction single-phase Type RS 
motors from % to 40 hp. are de- 
scribed in Bulletin No. 29. Numerous 
illustrations show the construction 
details as well as many industrial 
applications of this motor. 

Gillis & Geoghegan, 537 West Broad- 
way, New York City—Pamphlet No. 
190 gives the results of various tests 
made on the G. & G. telescopic hoists 
for removing ashes and handling 
other loads between floors. 

Triplex Machine Tool Corporation, 18 
East Forty-first Street, New York 
City—A small folder describes the 
“Triplex,” which it is claimed is a 
combination of a turning, milling and 
drilling machine. This machine is 


claimed to be especially advantageous 
where a wide variety of very accu- 
rate work is to be done, as it in itself 
has almost complete machine equip- 
ment and can do almost any opera- 
tion on small work. 


Lewellen Manufacturing Company, Co- 


lumbus, Ind.—Catalog No. 15 de- 
describes the Lewellen variable-speed 
transmission, which is made in ball- 
bearing, self-oiling or standard type. 
The variation in speed in this equip- 
ment is obtained by means of a flex- 
ible belt passing over two cone pul- 
leys, the diameters of which may be 
varied. Many of the industrial ap- 
plications are illustrated. 


Thermalene Gas Corporation, Kanka- 


kee, Ill.—A booklet describes Ther- 
malene gas for cutting, welding and 
repair work. This gas is generated 
as it is used, from portable genera- 
tors which may be taken directly to 
the work. The same type of weld- 
ing and cutting torches are employed 
as are used in other gas-welding or 
cutting outfits. 


General Electric Company, Schenectady, 


N. Y.—Bulletin No. 47,002, entitled 
“Switchboard Panels and Supporting 
Framework,” describes the various 
types of switchboards under two gen- 
eral classifications: the vertical type 
and the bench type. This bulletin 
contains much useful information for 
the prospective buyers of switch- 
boards. 


Wilson Welder and Metals Company, 


Inc., 2 Rector Street, New York City 
—Catalog No. 5 describes the Wilson 
system of “Plastic-Are” welding. A 
total of 48 pages are devoted to a 
description of the welding equipment 
and to the results which may be ob- 
tained. A large number of diagrams 
show the positioning of different 
shapes for welding. 


Thompson Electric Company, 226 St. 


Clair Avenue, N. E., Cleveland, Ohio 
—Catalog B-21, entitled “Lamp 
Maintenance Equipment,” describes 
the Thompson safety disconnecting 
hanger which is used for lowering 
lighting fixtures when cleaning re- 
flectors or replacing lamps, and so 
eliminates scaffolding or ladders for 
this work. 


The Emerson Electric Manufacturing 


Company, St. Louis, Mo.—Bulletin 
No. 3,156 describes the split-phase 
type of single-phase induction motors 
of 1/30 to % hp. In addition to the 
characteristics and construction of 
these motors, dimension diagrams 
are given for each size. 
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Condit Electrical Manufacturing Com- 
pany, Boston 27, Mass.—Types D-18 
and D-22 oil switches and circuit 
breakers are described in bulletins 
No. 450 and 452. These are rated 
up to 800 amp., 15,000 volts., or 
1,200 amp., 7,500 volts. 

McGill Manufacturing Company, Val- 
paraiso, Ind.——A small folder de- 
scribes the use of wall guards, to be 
used on stationary sockets, to pre- 
vent theft or breakage of electric 
lights. Six different types are illus- 
trated. 

Westinghouse Electric and Manufactur- 
ing Company, East Pittsburg, Pa.— 
A booklet entitled “Synchronous 
Motors for Ammonia Compressor 
Drive,” sets forth the advantages of 
electrically driven ice plants and 
shows photographs of installations in 
ice making and refrigerating plants, 
packing houses, and allied industries, 
particularly the ammonia compressor, 
and a complete line of synchronous 
motors that are especially adapted 
for this work. This line embraces 
a wide variety of sizes in slow 
speeds, for coupled or engine type 
drive and also, in the higher speeds, 
for belt drive. 

Jones, MacNeal and Camp, Warsaw, 
Ind.—A large folder gives a detailed 
sectional drawing of the “Power 
King” electrical portable drill with 
two speeds, full ball bearing and 
oversize motors. Numbered arrows 
point out the special features; the 
numbers refer to text descriptions. 

The Electric Furnace Company, Salem, 
Ohio—Two circulars describe the use 
of Baily electric furnaces for melting 
non-ferrous metals and also the types 
of electric enameling, annealing and 
heat treating furnaces which have 
been installed within the past few 
years. 

Fairbanks, Morse and Company, Chi- 
cago, Ill—Bulletin H-269 describes 
the type FH Fairbanks-Morse single- 
phase, ball-bearing, repulsion-start 
motor. Considerable attention is 
given to the design and construction 
as well as to the performance char- 
acteristics and adaptations claimed 
for this particular motor. 

Winfield H. Smith, 10-16 Lock Street, 
Buffalo, N. Y.—Catalog No. 20 lists 
pulleys, hangers, pillow blocks and 
other equipment specially adapted to 
light power transmission machinery. 
Speed-reducing gears are listed for 
transmitting from 1/30 to 1% hp. 

Baldor Electric Company, 4351-55 Dun- 
can Avenue, St. Louis, Mo.—A small 
folder describes Baldor ball-bearing, 
single-phase, repulsion-induction mo- 
tors, from 1/6 to 5 hp., operating on 
110 or 220 volts, single phase, 60 
cycles, at 1,750 r.p.m. 

Fred Medart Manufacturing Company, 
St. Louis, Mo.—Catalog S describes 
and illustrates the construction and 
a large number of the arrangements 
which may be made of the various 
types of steel shelving for different 
industrial uses. 





